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LETTER OF TRANSMITTAL 



U. S. Department of Agriculture, 

Bureau of Entomology, 
Washington,!?, a, AuffustW, 1907. 

Sir: I have the honor to transmit herewith the manuscript of a 
paper, by Dr. W. E. Hinds of this Bureau, entitled "Some Factors 
in the Natural Control of the Mexican Cotton Boll Weevil." It deals 
especially with three important factors of natural control, concerning 
which our knowledge has been largely extended through the cotton 
boll weevil investigations of the Bureau during the season of 1906. 
These factors are: Temperature and moisture conditions, predaceous 
and parasitic enemies, and food supply. 

In view of the fact that the boll weevil is not a passing pest, but 
rather an enemy with which the cotton grower must reckon each year, 
it is evident that our knowledge of every fact6r affecting favorably or 
unfavorably its development and attack must be made as complete 
as possible. While it may not be possible to increase the effectiveness 
of some of these factors, there is reason to believe that with our more 
exact knowledge of the nature of their effect upon the weevil and 
of the conditions under which they produce most beneficial results 
others may be utilized far more than has been done heretofore, thus 
lessening very materially the damage annually inflicted by the weevil 
at little, if any, expense. 

This study of the natural control of the boll weevil is probably 
based upon one of the most extensive series of definite examinations 
and records which has ever been made in economic entomology. The 
paper reporting this work is therefore based upon a large amount of 
statistical data. This has been tabulated with a view to as much 
condensation as possible without destroying the value and signifi- 
cance of the records. The illustrations accompanying the manu- 
script are necessary for the best understanding of the text. I recom- 
mend the publication of this report as Bulletin No. 74 of the Bureau 
of Entomology. 

Respectfully, 

F. H. Chittenden, 

ActiTig Chief of Bureau. 

Hon. James Wilson, 

Secretary of Agriculture. i i ^ l^_^ 
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PREFACE. 



In the earlier work of the cotton boll weevil investigation particular 
attention was given to the life history and habits of the boll weevil and 
the direct effect of these upon cotton production. 

These phases of the investigation have been described in a number 
of circulars and bulletins of the Bureau of Entomology, among which 
the reader is referred especially to BiUletins 45 and 51, by Hunter-and 
Hinds, and Bulletin 63, Part I, by Prof. E. D. Sanderson. The pres- 
ent bulletin deals especially with three factors of natural control in 
r^ard to which our knowledge has been largely extended by the work 
done during the season of 1906. 

Those who are engaged in the cotton boll weevil investigations of 
the Bureau of Entomolc^y are frequently asked if the boll weevil is not 
a passing peat, which may be expected in tirne to leave the cotton 
fields where it now occurs, because of a continuation of the onward 
movement by which it has spread through the great area which it now 
infests. This idea is doubtless based upon the fact that in any locality, 
in a series of seasons, there is likely to occur one season in which there 
will be a marked decrease in the abundance of the weevils. As a con- 
sequence of this an unusually good crop may be made, and after such a 
season with little weevil injury the planter is naturally inclined to 
anticipate that the weevil may never again become as serious a pest as 
it has been in the past. 

The continuation of this investigation through a number of years 
has made it possible to determine that local variation, such as has been 
referred to, may be due directly to the influence of certHiu natural fac- 
tors which, eithersingly or in combination, have exercised an unusually 
large degree of control upon the weevil. It has been possible to deter- 
mine the most important factors concerned in this control and in some 
measure to show their relative importance. Extensive observations, 
however, have but confirmed the impression, which was formed years 
ago by entomologists engaged in studying this question, that the 
boll weevil is not a passing pest, but rather an enemy which must be 
taken into account every year by the grower of cotton throughout the 
infested area. With the certainty that the fight gainst the weevil 
must be continued indefinitely, it has become increasingly evident that 
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b NATURAL CONTROL OF THE COTTON BOLL WEEVIL. 

our knowledge of every factor affecting, favorably or unfavorably, the 
development and attack of the boll weevil must be made as complete 
as is possible. While it may be impossible to increase the influence or 
effectiveness of some of these factors, there is excellent promise that it 
may be possible to utilize others to a far greater degree than has been 
done in the past, because of our more exact knowledge of the nature of 
their effect upon the weevil and of the conditions under which they 
produce most beneficial results. It is possible that by this greater 
utilization of natural forces the damage annually done by the weevil 
may be very materially decreased at little, if any, expense. " 

By "natural control "is meant the combined effect upon the weevil 
of all natural enemies and of all conditions or forces in nature which 
retard or prevent the development of the weevils and reduce the injury 
which they might otherwise inflict upon the crop. These are, in gen- 
eral, the factors which operate to produce and to preserve what is often 
spoken of as "the balance in nature." The principal factors are tem- 
perature and moisture conditions in summer and in winter, the attack 
of predaceous enemies or parasites, and the dependence of the species 
• upon a favorable condition of food supply. 

Since the beginning of the present cotton boll weevil investigations 
in 1901, the work in the field has been continuously imder the direc- 
tion of Mr. W. D. Hunter, to whom is due credit for many of the sug- 
gestions followed and for the breadth of scope which it has been possi- 
ble to give to this particular portion of the investigation. Under his 
direction the work has been planned and carried out under the imme- 
diate supervision of the writer. Nearly all of the special field agents 
who have been in the investigation have had some part in the collec- 
tion of material or in the examinations involved in securing the data 
for this bulletin. Special acknowledgment is due to them for the 
large amount of painstaking work without which this study could not 
have been made sufficiently extensive to have been of practical value. 
It gives the writer pleasure to acknowledge this indispensable assist- 
ance by Messrs. W. W. Yothers, R. A. Cushman, A. C. Morgan, C, R. 
Jones, W. D. fierce, F. C. Pratt, F- C. Bishopp, W. H. Gilson, and 
J. C. Crawford. 

W. E. H. 
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SOME FACTORS IN THE NATURAL CONTROL OF THE 
MEXICAN COTTON BOLL WEEVIL. 



' nmtODucTiON. 

The natural control of the cotton boll weevil is so broad a subject, 
comprising the effects of so many factors, some of which are imper- 
fectly Icnown.aud understood, that anything lilce a eumiHi^ieuul v e 
treatment of the subject is at present impossible. Doubtless many 
factors of some importance have not yet been studied. Of the fact 
that some factors do accomplish the destruction observed in indi- 
vidualcases we have no doubt. From extensive series of such obser- 
vations we may be able to reason .safely as to the general tendency 
of those factors, and we may possibly be able to assign to them a 
relative value in their tendency to control under the conditions then 
prevailing, but we must recognize the fact that all these factors, 
however many there may be, are so interrelated and their influences 
under varying conditions may so essentially differ that a study of 
them becomes an exceedingly difficult problem. 

CONDITIONS BEatllBINa C0N8IDBSATI0N. 

The m^initude of the work involved is directly increased by the 
extent of the area affected and by the variations in climatic, geo- 
logical, and cultural conditions which are encountered within the 
weevil-infested area. While some factors may be studied through 
multiplied observations as to their effect in individual cases, others 
must, be considered from the broader standpoints of the general 
movement of the species, crop production, etc. 

Temperature and moisture conditions are undoubtedly the princi- 
pal climatic factors which govern in a general way the distribution 
of every species. Of these two faetors, temperature is unques- 
tionably the more important. The effect of this factor upon the 
continued spread of the boll weevil has been a subject of interest 
to entomologists ever since the weevil became a factor in the cultiva- 
tion of cotton in Texas. It has been supposed that the weevil, 
coming originally from a habitat much farther south, would finally 
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be checked by this temperature factor, and it was hoped that this 
■would occur before the northern limit of proiitable cotton production 
should be reached. Unfortunately, the insect has shown that it is 
capable of a considerable amount of adaptation to this change in 
temperature conditions, so that its northward range haa been gradu- 
ally extended until, in the season of 1906, it crossed the Red River 
Valley and became established in the southern portion of Indian 
Territory. Humidity has proved to be an important factor, affecting 
more the abundance and injuriousness of the species than it does 
its distribution. 

Considering some of the broader aspects of the effect of tempera- 
ture and humidity in controlling the weevil, it appears that the most 
marked instances of definite control have been occasioned by what 
may be termed the unusual variations, either above or below the 
usual range, in these factors. Thus it seems to be prolonged peri- 
ods of extreme heat in summer and the exceptional depression in 
temperature in winter which have produced the most clearly marked 
results. When these exceptional conditiwis occur, they affect, as 
a rule, rather extensive areas, so that the good results are general 
instead of localised, as is likely to be the case with many of the factors 
which will be considered in succeeding pages. The possible effect 
of high summer temperatures has been the prime reason for recom- 
mendations designed to secure a proper spacing of the plants, which 
would leave weeviWnfested squares most directly exposed to the 
simshine. It frequently happens that this factor is sufficiently 
effective to so check severe weevil attack as to allow the cotton to 
set and to mature a reasonably good crop. It is especially effective 
if occurring early in the season during the period when the plant is 
normally setting its crop of fruit. Its value may be completely 
neutralized by other coincident or preceding conditions, such as a 
very rank growth of the plants, or a too close planting, which may 
cause the plants to shade a lai^e proportion of the fallen forms." 

INTXnENCE OF SHOBT DBOTTOHT IN SAME SEASON. 

A definite illustration of the control of the weevil, largely by pro- 
longed and excessive heat, was found at Victoria, Tex., in 1906. 
The plat of cotton under observation covered only one-half acre, so 
that it was possible to make frequent and close observations upon 
the conditions prevailing on the entire plat. Table I presents a 
brief summary of temperature, rainfall, crop, and weevil conditions 
for this area during a period of four months from the planting of 
the seed. 

"The lerm "fonuB" ie used tor convenience to include all stages ut the cotton fruit: 
The bud or square, the bloom or flower, and the boll or seed pod. 
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Tabi^ I. — Temporary control of weevil by drought in May and June, Victoria, Tex., 
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It should be noted that in thia field a considerable portion of the 
ground was exposed to sunshine through the unevenness of the stand. 
The rainfall during April was sufficient to give the plants a good 
start, and a fair growth was made through the month of May. April 
and May were somewhat cooler than is usual for those months. The 
weevils which had passed through hibernation in the vicinity of the 
field were so abundant early in the season that squares became 
infested as rapidly as they were formed. Squares began to form 
before May 1, but no blooms appeared, and conditions' seemed to 
point to the inevitable failure of the crop until after the extreme heat 
and drought of June, During June the maximum temperattire 
recorded was below 90° upon only one day, when it was 88° F. On 
three days the maximum temperature recorded was above 100° F. 
The mean maximum temperature for the month, 94.3°, is therefore 
exceptionally high. During the seventy-four days between April 
20 and July 3 rains fell upon only four occasions and the total precipi- 
tation was less than IJ inches. This extreme heat and drought 
produced a very marked change in the weevil conditions found in 
this field. Through the gradual dying oif of hibernated adult weevils 
and the long-continued destruction of their progeny, the number of 
weevils to be found in the field was very greatly reduced. Following 
the heavy and well distributed rains occurring in July, the plants 
quickly put out lai^e numbers of squares, and before the weevils 
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coqld multiply so as to do any considerable damage the plants had 
set a normally good crop of fruit. While weevils became numerous 
later in the season, a yield of nearly one-fourtb of a bale was obtained 
from this half-acre plat. 

The beneficial effect of this drought during the squaring season 
in Victoria County may be shown by a comparison of the yields for 
the seasons 1903 to 1906, inclusive. These figures as given by the 
Bureau of the Census in equivalent 500-pound hales are as follows: - 

YUUbofcotHm in Victoria County. Tex., 1903-190e. 
Year. ' Bales. 

1903 : 5,355 

1904 6.495 

1905 ■. ... 9,016 

190a 16,963 

INTXITBNOE OF A DBT SEASON TTFON SUCCEEDINa SEASON. 

The duration of the dry period as related to the growing season of 
cotton determines primarily whether the beneficial effect shall be 
prolonged beyond one season. In the case cited at Victoria drought 
occurred only in the first third of the season, and its effect was upon 
the inunediate qrop, but the benefit would not be continued into the 
following year. In some of the dryer regions of cotton production 
it is not unusual to have an entire season covered by a period of 
comparative drought, and under such conditions the effect upon 
weevil abundance is quite different. Several illustrations of this 
have occurred in the region between Corpus Christi and San Antonio, 
Tex. One of the most definite instances is here given by way of 
illustration. In this case the effect was widespread, and may be 
judged by a comparison of rainfall, temperature, and crop conditions 
for Nueces County, Tex., during the years 1901-1904. 

Table lI.^ieTieral Uljulrationof droughtontrol, Nuece$ County,- Tex., 1901-1904. 
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INFLUENCE OF DEY SEASON ON SUCCEEDING SEASON. 15 

In connection with this table it should be noted that the tempera- 
ture conditions during the six months which are of greatest signifi- 
cance varied but little from the normal. In rainfall, however, a 
great deficiency occurred both in 1901 and in 1902. . Undoubtedly 
the continuance of the drought throughout the season was more 
influential than was the boll weevil in reducing the crop for the years 
1901 and 1902, which were almost complete failures. Through the 
season of 1903 there fell a large excess of rain and it was well distrib- 
uted. This would produce conditions very favorable for weevil 
multiplication and injury, but in spite of this the cotton crop for 1903 
for this coimty was nearly ten times as large as during the preceding 
year. In 1904 both temperature and rainfall were nearly norma), 
but the effect of the lai^ number of weevils passing through hiber^ 
nation from the season of 1903 is very conspicuously shown by the 
reduced size of the crop of 1904. This is an illustration of the control 
of the boll weevil by the unfavorable climatic conditions of an entire 
season so effective that the weevil failed to become greatly injurious 
to the succeeding crop in a season when the chmatic conditions were 
unusually favorable for its increase. 

CONTBOI. BT WntTBR CLIMATIC COin>TnOHS. 

Exceptionally low winter temperatures have occasionally proved 
sufficiently effective to exterminate the weevils from certain areas 
which had become recently infested and within which the weevils 
had not bad time to become firmly established. This has been 
illustrated by several well established cases in northern Texas and 
Louisiana during the past few years. 

Weevils were first found near Sherman, Tex., in the fall of 1903, 
when the northern Umit of the dispersion reached to withia a few 
miles of that place. No weevils could be found in that region in 1904 
or until the dispersion of 1905 bad taken place, thus proving that the 
few weevils reaching there in 1903 bad failed to reproduce or that 
they and their progeny were completely exterminated by the winter 
conditions of 1903-^4. Weather Bureau records show that the 
Diinimum temperature in this locality during the winter of 1903-1904 
was 12** F. on January 26, 1904, and that the average monthly tem- 
peratures for January, February, and March at Sherman were + 2.6°, 
+ 10°, and + 6,9° above normal, respectively. It hardly seems prob- 
able, therefore, that the weevils failed to maintain themselves in 
this case solely on account of low winter temperatures. 



n,g,t,7rJM,GOOglC 



16 



NATXJRAL CONTBOL OP THE COTTON BOLL WEEVIL. 



Hiroui^ the djeperaicni moTemraits during the ftdl of 1904 weevils 
spread over a large area in western Louisiwia, as shown on the accom- 
panTingm^ (fig. 1). 

By a large number of very careful field examinations bet^'een 
May 1 and August 1, 1905, Mr. WilRion Newell, Entomologist of the 
Louisiana State crop pest commission, with the assistance of MieasTs. 




and reductlan i 



E. S. Hardy, J. B. Garrett, W. O. Martin, and C. W. Flynn, working 
in cooperation with the boll weevil investigation of the Biu^au of 
Entomology, was able to determine that the weevils had been prac- 
tically, if not completely, exterminated in that portion of the 1904- 
infested area lying east of the heavy line shown in the map, running 
from the southwestern comer of Caddo Parish, through about the 
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middle of De Soto, Sabine, and Vernon parishes and the western 
third of Calcasieu and Cameron parishes, nearly parallel to the west- 
em houndary of the State. In other words, through the Unfavorable 
cUmatic conditions following the dispersion of 1904 the weevil was 
exterminated throughout practically two-thirds of the area in Lou- 
isiana which had first become infested by the weevil dispersion of 
that year. From the reports from Louisiana of the Weather Bureau 
for 1904 and 1905 it appears that killing frosts occmred generally 
through the State about November 13 to 15, 1904. The temperature 
and rainfall conditions within the infested area from that time till 
the end of December were not far from normal, though the rainfall 
during December was very heavy east of the infested area. During 
January the temperatiu^ in the infested area averaged about 5 degrees 
below the normal, while in February it reached an extreme departure, 
averaging 9 degrees below normal. During these two months the 
rainfall in this.area was very heavy, averaging more than lOj inches. 
Though this appears to be not more than 1 or 2 inches in excess 
of the normal rainfall diuing these two months, it is far more than 
the weevil has been obliged to withstand, as a usual occurrence, in 
Texas, and in conjtmction with the very exceptionally low temper- 
atiu^s it probably explains in large measure the extermination of 
the weevils through practically all of the territory entered by them 
in the fall of 1904 after the latter pu-t of August. It remains to be 
seen whether the heavy winter rainfall which normally occurs in 
this Louisiana territory will, as a usual thing, prove to be an impor- 
tant factor in reducing the number of weevils hibernating successfully 
within this area. 

A somewhat similar reduction of infested area occurred in northern 
Texas coincident with that in Louisiana, but, owing to the demands 
of other lines of investigation In Texas, it was impracticable to make 
as thorough an investigation to determine the limit of infestation in 
July, 1905, in Texas as was done in Louisiana. 

As the weevil seems to be acquiring a greater power of resistance 
to low temperatures as it spreads farther northward, the value of 
this factor for any locality now included within the weevil-infested 
area wo\ild seem to be gradually decreasing. The efficiency of winter 
cold is very largely affected by the coincident humidity and by the 
abundance and favorable character of the opportunities for shelter 
which may be obtained by the hibernating weevils. 

Besides the direct effect upon weevil survival, winter climatic 
conditions exercise an indirect effect upon weevil injury during the 
following season by their influence upon the survival of cotton roots. 
This is an especially important consideration in southern Texas, where 
during many seasons a considerable proportion of old roots survive, 
J1575-BaL 74-07^2 i,,i ., iiX.OQt^lC 
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giving rise in the spring to what is variously termed sprout, stubble, 
or seppa cotton. These sprouts arising from roots which are ah^ady 
established begin growing, as a rule, before cotton is planted. Their 
growth is exceptionally vigorous, so that these plants frequently 
produce squares several weeks in advance of the average planted 
crop. This source of food supply, occurring so early in the season, 
serves to sustain a large number of hibernated weevils from the time 
of their emergence until after the planted cotton becomes suscep- 
tible to their atta«k. it also furnishes early emei^d weevils with 
opportunities for reproduction, which may produce a large number 
of first generation weevils by the time planted cotton begins to form 
squares. It has been noticed that during seasons when an excep- 
tional amount of sprout cotton occurs weevil injury has, as a rule, 
been exceptionally severe. The increased injury during such seasons 
is undoubtedly traceable to two primary causes: (I) The climatic 
conditions which are most favorable to the survival of cotton roots 
are also as favorable to the survival of hibernating weevils; (2) the 
large numbers of weevils surviving imder these conditions are pro- 
vided with an abimdant food supply and with early opportimities 
for reproduction by the sprout cotton which occurs. 

During winters when the climatic conditions are unfavorable both 
for the survival of weevils and for the survival of old cotton roots 
the smaller number of weevils emerging in the spring find no other 
food supply than that provided by the planted cotton, and can not 
begin their reproductive activity imtil such time as the squares upon 
the planted cotton may be about one-half grown. Under these con- 
ditions the crop has a fair opportunity to set before weevils become 
sufficiently abundant to destroy a large proportion of the rapidly 
forming squares. 

It is difficult to understand why so many planters fail to appreciate 
the importance of preventing entirely the appearance and growth of 
sprout cotton. The only way in which its occurrence may be posi- 
tively prevented in all seasons and in all parts of the infested area 
is by the uprooting of the old plants. Itis plain that the most effective 
time to do this, so far as securing a reduction in the number of weevils 
is concerned, is immediately following the maturity and picking of 
the crop. This prevents further multiplication of weevils at that 
time and removes the available food supply of those which are adult 
as long as may be possible before they can hibernate successfully. 
Extensive experiments and observations have shown that if the 
stalks be thoroughly destroyed (as by burning) from three to four 
weeks before the occurrence of the first frost in the fall and if the 
ground be kept clean, so that favorable opportunities for shelter 
are removed, the number of weevils surviving hibernation may be 
very greatly reduced. If by any chance sprout cotton appears in 
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the Spring, every plant of it shoiild be destroyed to prevent its nourish- 
ing the weevils which may have survived. The practice of allowing 
sprout cotton to grow in a field of planted cotton can not be too 
strongly condemned. Certainly if planters could appreciate the fact 
that these occasional plants will, under usual conditions, enable the 
weevila to do much greater injury to the main crop, they would be very 
careful to destroy them- If planters in southern Texas fully appre- 
ciated the importance of this menace, there would soon be developed 
a strong public sentiment which would compel every planter to adopt 
methods which would prevent the occurrence of sprout cotton. It. 
is entirely possible in a great majority of cases for the planter to 
insure for himself the beneficial effect of s large reduction in the 
number of weevils surviving hibernation, such as would result from 
occasional winters of unusual severity, even during seasons which 
woxdd be favorable for the survival of laige numbers of weevils. 
This, then, is the part of cultural practice which may be made to 
regularly supplement ot possibly supplant the beneficial effects 
which are occasionally experienced by an exceptionally large degree 
of natural control through severe climatic conditions during the 
winter. 

beijAtiokship of factors of contboi.. 

It is evident that these factors, which are but the extreme fluc- 
tuations in climatic conditions, wUl only occasionally exert their 
maximum effect, and that under normal conditions of temperature 
and humidity other factors, having a more constant average effi- 
ciency, may surpass climatic variations in their controlling effect 
upon the weevil. It is to a study of some of these average factors 
that the present paper will be mainly devoted. Among the factors 
concerned in the natural control of the boll weevil in the United States 
to which especial attention has been given may be mentioned heat 
or drying, native ants, proliferation, parasites, the limitation of the 
weevil's food supply by the work of the cotton leaf-worm (Alabama 
argiUaeea Hbn.), and birds. 

In this bulletin special consideration will be given to the effects of 
heat or drying, native ants, and parasites. Proliferation" was 

" "Proliferation," as the term is used in connection with cotton, refers to s. phe- 
nomenon which frequently toUowa the attack of weevila or other insects in cotton 
Bquares and bolls. It may be defined as the development of numerons elementary 
cells from parts of the bud or boll which are themselves normally the ultimate prod- 
ucts of combinations of much more highly specialized cells. The resulting product is 
thus composed of comparatively large, thin-walled cells, which are placed so loosely 
t<^ether that the fonnation is of soft texture and has a granular appearance which 
niay be seen with the naked eye. Proliferous formations lack the distinctive texture 
which is characteristic of the normal parte of either bud or boU. The consistency of 
the fonnation is soft and yielding, resembling somewhat a rather soft gelatin. From 
this apparent resemblance the term "gelatinization " ia sometimes used instead of 
prohferation. i^.OOyiL 
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studied extensively in 1905, and the most importaat results of the 
investigation have been published." 

The work of parasites and the possibility of making them even 
more valuable in the fight E^ainst the weevil is considered fully by. 
Mr. W. D. Pierce in another bulletin of this Bureau.* The relation- 
ship of birds to the boll weevil has been treated in several publica- 
tions, principally by the Biological Survey." 

The study of the influence of the leaf worm upon weevil control 
will require at least another season before the results can be suffi- 
. ciently complete for publication. 

The work with proliferation was continued in 1906 only as far as 
seemed advisable to confirm preceding results and conclusions. It 
was found in 1905, in over 8,000 examiaations, that proliferation 
produced an increase in weevil mortality, averaging, for squares and 
bolls together, about 12.5 per cent. From the data following in these 
pages it appears that there is an average mortality not attributable 
to heat or drying, ants, or parasites, among over 80,000 obser- 
vations of squares and bolls together, averaging slightly over 12 per 
cent. The confirmation of previous conclusions is evident, but in 
reference to both it should be stated that the figures recorded must 
be considered as a conservative statement of the value of this factor, 
since it must be admitted that it may become effective in many cases 
even before the hatching of the weevil eggs and that it is practically 
impossible in a lai^e series of examinations to determine whether an 
egg or very small larva of the weevil may have been destroyed. It 
must also be considered that proliferation resulting from feeding 
punctures of the weevil and of other insects frequently proceeds to 
such an extent as to itself accomplish a destruction of both squares 
and bolls entirely disproportionate to the severity of the feeding 
injury which originally incited the proliferation. The value of pro- 
liferation as a factor in controlling the weevil is therefore offset in 
some degree by its tendency to continue beyond the remedial point 
and by its abundant formation imder certain conditions of irritation 
when no weevil stage is present. 

The work with parasites has been sufficiently extensive to form a 
very reliable basis for further investigations which promise to give 
increasingly valuable results. The actual records of parasitbm and 
the comparisons betwe-en this and other factors of natural control 
are given herewith, while the more special consideration of the con- 
ditions favoring parasite abundance, the biological study of the 
species found, and the possibility of increasing their effectiveness 

" Bui. No. 59, Bureau of Entomology. (See p. 8 for bibliography of proliferation.) 

h Bui. No. 73, Bureau of Entomology. 

cBul. No. 51, Bureau of Entomology, pp. 15(>-153; BuIb. Noh. 22, 25, and 29, Biolog- 

"''""'°'- „,,,„, i^.ooglc 
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may be found as given by Mr, W. D. Pierce in Bulletin No. 73 of tbe 
Bureau of Entomol<^y. 

For many years the cotton leaf worm {Alabama argiUacea) has 
been considered as an important cotton pest throughout the South, 
though the severity of its injury to the crop has been less during 
recent years than it was formerly. It now appears in destructive 
numbers only during the latter part of the season, usually after the 
crop begins to mature, and is not infrequently a welcome visitor. 
Especially in rank late cotton its destruction of the foliage enables 
light and air to penetrate more readily, thus preventing the decay of 
bolls lying on or near the ground and greatly facilitating the maturity 
of the crop. For this reason comparatively few planters now look 
upon the leaf worm as a pest to be controlled by the application of 
insecticides. Succeedii^ generations of the caterpillars remove an 
increasingly lai^e proportion of the foliage until the plants may be 
finally stripped bare repeatedly before the close of the season. 

The significance of the leaf worm in the control of the boll weevil 
rests directly upon its effect upon the food supply of the latter species. 
As the weevil has no other food plant than cotton, its final multi- 
plication before the end of the season is usually limited directly by 
the abundance of squares and bolls within which it may breed. The 
defoliation of the cotton by the leaf worm stops immediately the 
formation of squares and the subsequent possibility of the setting of 
bolls. Further development of the weevils is thus abruptly checked. 
The maturing bolls may continue to give out weevils for some weeks, 
and previously infested squares may add to the number of adult 
weevils for from one to two weeks, but the sudden removal of the 
food supply and of the shelter usually enjoyed by the adults causes 
great mortality among them. Many weevils leave the bare fields in 
search of food, and thus, in various ways, the number of weevils in a 
field where the leaf worms work abundantly and thoroughly becomes 
very greatly reduced. If the leaf worms continue to strip the cotton 
until late in the fall there will be no possibility of an increase in the 
number of weevils. The leaf worms may actually accomplish what 
is practically a more or less complete early destruction of the cotton 
plants and a cleaning up of leaf rubbish in the field. Where this is 
the case it is safe to asstmie that so few weevils will survive or hibernate 
that a very positive benefit may be experienced during the following 
season, and if climatic conditions should favor the growth of cotton, 
a crop may be secured with comparatively little injury by the weevil. 
Defoliation by the leaf worm may be especially effective if it should 
happen to be followed by winter climatic conditions which are 
exceptionally severe, so that Only those weevils which found the most 
favorable hibernation shelter would naturally survive. The leaf 
worm does not, however, often occur abundantly during two succes- 
sive seasons in Texas. Its work is often local and only partial in the 
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field attB,cked. Frequently the plants leaf out and form squares 
after having been defoliated. It must, therefore, be placed rather 
low in the list of factors concerned in the natural control of the boll 
weevil. 

It is possible that something can be done to increase the efficiency 
of this factor or to render it of more constant value, especially in such 
regions as the Red River valley bf Louisiana, where the worm occurs 
with considerable regularity. It is evident, however, that the planter 
should not rely upon the leaf worm to secure the destruction of his 
stalks at as early a date as the picking of the crop may render possible. 
At present in the bulk of the infested territory it may be considered 
as an occasionally valuable factor, but the completeness of the con- 
trol resulting from its occasional work is a most valuable demonstra- 
tion of the effect which it is possible for the planter to secure quite 
regularly by himself destroying the food supply of the boll weevil 
early in the fall. 

The irregularity of the leaf-worm attack makes it necessary that 
final conclusions as to its value in controlUng the weevil be based 
upon observations extending over a number of years, but the data 
already collected show conclusively that with these two important 
pests of cotton present in abundance the leaf-worm work is a most 
positive benefit to the planter; and if it secures continuous defoliation 
imtil too late in the season for the weevil to resume its breeding, this 
may result in the practically complete control of the insect for the 
following season. 

There can be no doubt that birds are an important factor in pre- 
venting the extraordinary multiphcation of many species of insects. 
Considerable attention has been given to the determination of the 
value of various birds as destroyers of weevils, and this important 
work is being continued by the Biological Survey. These records 
show that birds do not yet constitute a very important factor in 
controlhng the boll weevil. There are several reasons for this. The 
habits of the weevil are such that the adults are but slightly exposed 
to the attack of birds, except during the season of the fall dispersion. 

In Cuba Mr. E. A. Schwarz has determined that a bird {Icterus 
kypomelas) has learned to tear open the fallen squares and eat the 
weevil stages infesting them, but in the United States no bird has 
-yet acquired such a habit. The season at which birds capture most 
weevils is during the dispersion in the fall months, when the weevils 
are flying most abundantly. The destruction of a lai^e number of 
weevils late in the. season can not, however, be as effective in con- 
trolling the weevil as would be the capture of a comparatively few 
during the hibernation season or in early spring, but during the first 
half of the season very few birds frequent the cotton fields. For 
these reasons birds must be ranked low among the controlling factors, 
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but it is possible that th«y will gradually acquire an increasing 
importance the longer the weevil remains abundant. 

There are other factors which are, or maj become, of relatively 
great importance in the £ght against the weevil. Some of these have 
been but slightly investigated. It is safe to assume that the factors 
which have been mentioned include those which have thus far proved 
to be of greatest importance in holding the weevil in check to some 
extent. 

The relative value of these factors is certain to change suddenly, 
and when one assumes a position of predominant influence the others 
must undergo a readjustment of relative position. It is certain that 
the efficiency of predaceous enemies and of parasites is gradually 
increasing, while it is probable that the gradual adaptation of the 
weevil to its new environment is rendering it more resistant, espe- 
cially to the effects of the adverse climatic factors. Additional 
observations of the effects of these opposing tendencies should bring 
to light facts which will be of general significance in connection with 
the study of many other pests besides the boll weevil. 

The area infested by the boll weevil in the United States now 
reaches a total of between 175,000 and 200,000 square miles. Of 
course but a small percentage of this enonnous acreage is actually 
devoted to cotton culture, but the range in geological conditions is 
naturally great. Thus in Texas cotton is cultivated extensively on 
five or six very distinct geological areas each furnishing more or less 
distinctive conditions of environment affecting faunal, floral, and 
shelter conditions which may at any time prove to have an impor- 
tant significance in the weevil status. 



Observations of the effect of various natural factors in controlling 
the weevil have been accumulating since the beginning of the boll 
weevil investigation. The earlier records, however, were not made 
to include the simultaneous effect of several factors, and the records 
presented in this connection are therefore confined to the observa^ 
tions made during 1906. 

Heat and drying are considered together, as their effects upon the 
immature weevil stages are coincident and inseparable. The effi- 
ciency of this factor naturally follows seasonal variations, but it is 
largely afi'ected by the distance between rows, the size of the plants 
and density of their foliage, the season of occurrence in relation to 
the state of the cotton crop, and by cultural conditions. 

Whenever ants are referred to in succeeding pages it should be 
understood that no reference is intended to the Guatemalan "kelep" 
(.Ectatomvia tuber eviatumOlW.), which has failed to maintain itself in 
Texas. ,.,,,,,. L.OOgIC 
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The native ants concerned in the control of the weevil are princi- 
pally of the genus Solenopsis and varieties of the species gemiruita 
(fig. 2). . . . . ■ 

The principal points in the characterization of this species are aa 
follows: There are two distinct nodes or scales in the.slender petiole 
of the abdomen. All forms but the male have a sting (PI. II, fig. 2). 
The antennae (PI. II, fig. 3) are ten-segmented ; the club is formed 
of the last two segments, of which the terminal one is the longer. 
Maxillary and labial palpi have each two segments. The clypeus 
has two longitudinal ridges and the sting is very lai^e. The color 
varies, but the workers usually seen are of a dark reddish brown, 
the color of the abdomen being often considerably darker than that 
of the head and thorax. Length of workers from 2 to 3 mm. 

These ants form nests near the surface of the groimd. All stages 
of development and forms of adults may be found in these nests 
practically throughout the summer season. 
The individuals which are most active, if 
not in fact those which are alone concerned 
in the attack upon the weevil, are the 
smaller workers which are commonly to be 
seen outside of the nests. In Plate II, 
figures 5 and 6, are shown some of the 
imoiature stages of this species. The 
■ queen larvie are very much larger than 
the worker forms as is shown in the illus- 
tration. The pupffi are naked, and as they 
approach maturity the color gradually 
changes from a translucent white to a dark 
brown. The active worker form is shown 
I ene- in Plate II, figures 1 and 4. 
ifge This species shows a tendency to nest 
\vithin the shade formed by the plants, and 
is to some extent out of the reach of ordinary cultivation by being 
close to the middle of the rows. The breaking up of a nest, however, 
does not seem to drive them away or to interfere seriously with their 
activities. In Plate III, figure 2, are shown cotton squares which 
have been entered by these ants and in which weevil stages have 
been destroyed. A comparison of the external resemblance of these 
entrance holes with the exit holes made by weevils is shown in Plate 
III, figures 1 and 2. 

Since, in external appearance, the emergence holes made by adult 
weevils in escaping from squares resemble very closely the entrance 
holes made by the Solenopsis ants in obtaining access to the weevil 
stages in a square, it seems advisable to add a brief explanation of 
the manner in which these two classes of squares may be positively 
separated. In ail cases the final determination as to the class in 
which a square belongs rests upon an examination of the interior. As 




Stages and Characteristics of Solenopsis oeminata. 

Fig. 1.— Adult, email worker rorin. KIg. 2.— SllnR i>[ worker. Fig. 3.— Klght Hntcnna ot worl 
rig. 1.— Adult workers, various sIzuh from workers minor to wcirki-ts major. FIk, 6,— U 
Bud pHpBi ol Btnall forms o( worker. FIr. 6.— I*rvieot queens corapariid with lari'ftHnd piini 
small forms. Fig, 7.-Workets dnimine ofl ailult boll wrevil winch they have killed. Fis 
to 2 diameters. (Original.) ' .... . 
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a general thing the emergence hole made by the weevil (PI. Ill, fig. 1) 
is more regular in outline and somewhat larger in area than are the 
entrance holes made by the ants. Upon opening the square carefully 
it will be found that if a weevil haa reached full development therein 
and emerged, there will be found present three definite signs which are 
not present in cases where ants have destroyed the weevil stage. One 
of these signs is the delicate white skin which is ahed by a pupa 
when the weevil transforms from that st^e to its adult condition. 
(PI. Ill, fig. 5a.) This is usually so shriveled and twisted as to have 
no resemblance whatever to the outlines of a living pupa and is fre- 
quently more or less hidden in the debris which constitutes the second 
sign. This is a rather abundant mass of fine particles which have 
been torn from the square by the weevil in cutting its emergence hole. 
These are not eaten by the weevil but are left within its cell (PI. Ill, 
figs. 3 and 5h). The third sign of adult activity consists of a number 
of particles of white excrement which are almost invariably deposited 
by the adult weevil before its emergence from the square (PI. Ill, 
figs. 3 and 5c). These three signs are absent in cases where ants 
have entered and destroyed the weevil stages (PI. Ill, fig. 4). 

The value of a study based upon statistical data becomes easily' 
apparent to one engaged in a thorough study of such a subject as this. 
Without it there is a strong probability that the general impressions 
formed may not give proper credit to the influence of the various 
factors. Conclusions which are based upon the total effects of the 
various factors in a large series of observations must necessarily be 
more reliable. This must be especially true of the general average of 
results from a considerable number of localities and under a consider- 
able variety of geological and climatic conditions. 

The first division in the data as obtained has been secured by sepa- 
rating the cotton fruit into several classes, each of which may contain 
weevil stages which have been exposed to similar conditions. But 
four of these divisions have been retained in the arrangement of the 
data shown in Table' III. These are, (a) hanging, dried bolls; (b) 
hanging, dried squares; (c) fallen bolls; (d) fallen squares. As a rule 
infested squares and small bolls are shed by the plant in from seven to 
twelve days aftra- the weevil attack. Many small bolls, especially, 
are shed normally, even though they may have suffered no injury 
from insect attack. This happens most commonly within a few days 
after the withering of the flower and before the young boll has made 
any growth. It may result from a failure in fertilization of the flower 
or the inability of the plant to sustain an excessive load of fruit. 
With both squares and small bolls, the shedding is accomplished 
naturally, just as is the shedding of leaves in the autumn, by the for- 
mation of an absciss layer of corky cells which cuts off the fibrovascu- 
lar bundles through which the sap is supplied, thus destroying the 
vital connection between the bud or boll and the plant branch. The 
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exact locatioii of this cork area is shown by the scar left by a fallen 
leaf or scplare. It frequently happens, however, that for some reason 
the severance ia incomplete and that the square or boll remaine 
slightly attached to the plant though cut off as far as the vital con- 
nection is concerned (PI. IV, figs, 2 and 36). The difference in these 
two conditions may be seen and better understood by reference to 
Plate IV, figures 1 and 2. 

The tendency to retain dead squares and bolls seems to be a charac- 
teristic of individual plants in nearly all varieties, but is most strongly- 
marked in those which approach the limbless, cluster type of growth. 
In some fields the htmging, dried forma may be found very abun- 
dantly, while in others at the same time they may be very rare. 

The retention of squares and bolls bears no definite relationship to 
the boll weevil injury, as many of the small bolls, especially, have 
never been attacked. 

It is evident that the inunature weevil stages in those forms which 
remain hanging upon the plant will be subjected to very different 
influences by the factors of natm-al control from those in fallen forms. 
This difference is especially marked as regards the exposure to the 
effect of sunshme and to the attacks of predaceous and parasitic 
enemies, and should be kept in mind in considering the data pre- 
sented in the following tables. 

An explanation should also be given regarding the counting of 
stages. Besides each weevil stage, living or dead, which was actually 
found, one stage was counted for each case where there existed imques- 
tionable evidence of its previous presence. This evidence would 
include the emergence hole made by an adult weevil, the cell within 
a square or boll from which some stage of the weevil had been re- 
moved by ants, and also the cases of parasitism. Since dead stages 
accumulate through a considerable period of timei or so long as the 
forms remain intact, and will be found and counted upon examina- 
tion, it becomes necessary in determining percentages of mortality to 
count emergence holes as representing living adults which, of course, 
is really the case. 

It would require too much space to give the detailed results of each 
of the examinations made. For each locality, therefore, all the obser- 
vations made have been combined. This means in most cases that 
the figures given in these tables represent an average of several fields 
in each locality, and in seventeen of the twenty-eight localities where 
observations were made the figures combine the results of examina- 
tions upon from two to nine dates. 

NATUBAL CONTBOL IN VABIOTIS CLASSES OF FORKS. 

In collecting the forms for these examinations all were taken as they 
came, whether fallen, or dried and hanging to the plants. The green, 
growing forms were not examined. 

Separate collections were made to secure hanging or fallen forms. 



SiCNS Determininq Boll Weevil Emergence or Entrance of Ant Solenopsig 

F5g, 1.— Emergence hole of boll weevil in cotton Bqiiare. Fig. 2,— Enlrsnoe lioles of anta in 

Hnaraa. Fig. 3.— Evidencfs of adult actlvUy in sqimre from whitb weevil emerged, 
g. 4.— Clean interior of aqiiarc entered hy nnla. Fi^. 5.— Tlie three eTJdencee of aduK 
weevil aclivily, removed from nqiiare: a. Shed pnpal akin; b. refiae formed UniqilMine em|n»-~^ 
^?2reD''la%^%''adUmcttR° (o'r^inSf) ' ' ' ' ""¥^^^^ 
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Sheooino and Retention of Forms in Cotton. 



Fig. 1.— 0,6, e, Normal schr lelt by shed formB. Fix. 2,— n, b. c. Abnormal RCBra uith forms 
relalned. Fig. 3.~a, Longiluillnftl section tbrniiRli normal scar, b, longltndlnal eeclion 
Ihroneh base ol retaiueii form. Fig. 1, natural size; lig. 2, aomewbac reduued; lig. i.^Z N. 
■-Lrtloldl...,.™. (OrliS™iJ „,,,,,,L.OO^kY^ '\ 
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80 NATURAL CONTEOL OF THE COTTON BOLL WEEVIL. 

From a study of the totals in each section o£ this table it appears 
that the highest average percentage of mortality from all three 
causes considered was found among the fallen squares, where it 
reached 60.5 per cent. The next highest average mortality occurred 
in the hanging, dried squares, with 52.6 per cent. The mortality in 
the two classes of bolls is very similar, with 33 and 30.4 per cent. 

The data include only examinations of cotton forms which had 
been destroyed by some cause. In the majority of cases the de- 
struction of the form could be attributed directly to weevil attack. 
The data upon this point are stated in subsequent tables. (See 
pp. 64-72.) 

A comparison of the mortality records in hanging versus fallen 
forms (including both squares and bolls) shows that among the 
9,663 stages found in hanging forms there was an average mortahty 
of 40 per cent, while among the 29,328- stages in fallen forms there 
was an average mortality of 56 per cent, ti hanging bolls the mor- 
tahty is 30.4 per cent; in fallen bolls, 33 per cent; in hanging 
squares, 62,6 per cent; in fallen squares, 60 per cent. These figures 
show a consistent difference in favor of the fallen forms. 

Parasites work more freely in the forms that remain attached to the 
plants than in those which fall to the ground, but in neither class of 
forms is their work as important as is that of the ants or even the effect 
of heat or drying. From many observations as to the stage of the 
parasite at the time of examination Mid from a general knowledge of 
the time that must have passed between it and the parasite attack, it 
appears that, as a rule, the parasite egg is deposited at about the time 
the square or boll withers. If this be the case, it is probable that the 
increased length of time during which the forms that remain attached 
and dry upon the plant are exposed to the parasite attack may explain 
the greater percentage of parasitization found in the hanging forms. 
In hanging forms parasitization amounts to 9 per cent, while among 
fallen forms it averages only 2.8 per cent. 

The average total mortahty among all classes of forms caused by the 
three factors was 52 per cent. As the weevil does not pass beyond the 
influence of these factors of control until after it has become adult and 
emerged from the square or boll, it is evident that among the 13,000 
living stages found present there might still have occurred a very con- 
siderable-mortality before all could have become adutt and emergence 
taken place. The larval and pupal stages, which number over 80 per 
cent of all the living stages found present, are especially susceptible to 
the influence of the three natural factors of control under considera- 
tion. It would be very conservative to assume that fully one-half of 
the living stages present would have been destroyed had the forms 
been allowed to remain exposed to the influence of the factors of con- 
trol until all surviving adults could have emerged. Thi^ wquld have 



n,g,t,7.dt,'G00glc 



32 NATURAL CONTHOL OF THE COTTON BOLL WEEVIL. 

of weevil stages to squares, whether h&ngii^ or fallen, but that there 
is a, natural tendency on the part of the plant to shed a large number 
of unintested bolls soon after their formation and before weevil 
attack has taken place. Many of the dried hanging bolls also fail to 
show any sign of weevil attack. The attack of the weevils upon 
squares is, therefore, of much greater importance in their multiplica- 
tion than is their attack upon bolls. Here again the importance of 
natural control is shown by the mortality in all squares, amounting 
to almost 60 per cent, whereas in alt bolls it was but 31.6 per cent. 

These figures show a remarkable similarity in the degree of infes- 
tation for the corresponding classes of fruit. This agreement is so 
close as to lead to the conclusion that the attack of the weevil has 
practically no effect upon the tendency of the plant to retain a portion 
of its surplus fruit in this way. 

The proportion of hanging to fallen forms is not accurately shown 
by the figures given here as no effort was made to collect the hanging 
and fallen forms from the same areas at each examination made. 
This proportion varies very greatly in different fields and during dif- 
ferent periods of the season, but it is safe to say that in the exami- 
nations recorded a much larger proportion of hanging, dried forms 
was collected than would be found in any ordinary field of cotton, 
imless it were of some limbless variety, such as the Dickson. Among 
the forms examined, nearly 70 per cent of the squares and bolls had 
fallen. These fallen forms contained somewhat more than 70 per 
cent of all the weevil stages found. The proportion of weevil stages 
to forms is very closely similar in hanging and in fallen forms, but 
the percentage of mortality in hanging forms averages 40, while in the 
fallen forms it averages over 56 per cent. The relative importance 
of the mortality in the two classes of forms as related to the whole 
question of natural control is shown to a fair degree by a comparison 
of the percentages of mortality in hanging versus fallen forms, based 
upon the total number of stages found in the total number of forms 
examined. In this way we find that among the 38,891 weevil stages 
found the 3,877 dead in hanging forms constitute approximately 10 
per cent, while the 16,408 dead in fallen forms constitute 42.1 per 
cent. Since, as has been stated, the hanging forms examined are in 
a greater proportion to the fallen forms than actually occurs in the 
average field, it follows that it is conservative to say that, as a rule, 
the total mortality in fallen forms will' average to be, at least, tour 
times as great as that occurring in the hanging forms. Consequently 
the factors of natural control which affect especially the weevil staged 
in the fallen forms must be given a correspondingly high rank as 
compared with those which affect more especially the stages in the 
hanging forms. Figuring in this way for each of the three factors of 
natural control given, we find that heat or drying caused a mortality 
of 3.2 per cent in hanging forms and 17.5 per cent among fallen forms, 
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ants caused a mortality of 4.6 per cent amoag hanging forms and 22.4 
per cent among fallen forms, while parasites caused a mortality of 
2.2 per cent among hanging forms and only 2.1 per cent among fallen 
forms. 

The conclusions may also be drawn from a study of the proportion 
of weevil st^es found dead in each class of forms, in connection with 
the factors causing death and the proportion of forms to weevil 
stages in each class examined. In this way it appears that the low- 
est total mortality was found in the hanging bolls which dried upon 
the plant, being in this case 30.4 per cent. For fallen bolls this per- 
centage was 33.4, in hanging squares there was a mortality of 52.6, 
vrhile in fallen squares it amounted to 60.8 per cent. Taking next a 
comparison of hanging and fallen forms, it appears that there was an 
advant^e during the season of 1906 of 16.2 per cent greater total 
mortality among the fallen forms. 

As to the factors which were most effective in producing this mor- 
tality, it appears that among hanging forms ants produced 46.5 per 
cent of the total mortality found, while in fallen forms they were 
responsible for 53.2 per cent of the total mortality. It is evident, 
therefore, that in either hanging or fallen forms Solenopsis geminata 
was the most important summer factor in 1906 in controlling the 
weevil. When it is considered that a large majority of the infested 
forms fall, it becomes still more certain that the effectiveness of the 
factors naturally tending to control weevil multiplication is greater 
when the infested forms are shed than when they are retained by the 
plant. 

From these data it appears that it is more desirable that plants 
shed their infested forms completely and quickly after the infesta- 
tion takes place than that they should retain them, allowing the 
weevil stages therein to develop under the smaller influence of natural 
control to which they would then be subjected. 

UOBTALITT IN BOLLS VBBBTT8 SaTTABES. 

It should be stated that in these examinations no attempt was 
made to determine the mortality among weevil stages in laige bolls 
which continued their development in spite of the weevil attack. 
In such bolls it is obvious that heat or drying can have had little if 
any effect upon the weevil stages. Ants do not enter green, growing 
bolls, though they frequently destroy weevil stages which become 
more easily exposed to their attack through the opening of the bolls. 
Instances have been found of parasitism of weevil stages in large 
bolls. Proliferation is, however, an active factor which has been 
found in the examination of more than 12,000 locks to produce an 
increase in mortality of weevil stages amounting to between 6 and 7 
per cent. 
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For this cotnparisoD the figures given in Table III are combined 
for boHs and for squares. 





Table \.— Mortality 


m bolU 


wr«us eqvaree. 










Bmtned. 


Total 
weevil 


Percent 


Per cent ot mortality 
cauted by- 


^X^^V' 




.ii?r 


Heat. 


Ant.. 


Para- 








40,044 
46,913 


S;SS 


38.1 


24:5 


30.'0 


3.6 


318 











Several general conclusions may be drawn from the study of these 
figures. In bolls nearly two-thirds of all the stages found were alive, 
while in squares the living stages constituted but slightly more than 
one-third of the total stages found. Heat is about two and two- 
thirds times as effective against the weevil stages in squares as against 
those in bolls. Ants are also much more effective in raising the 
mortality in squares. Parasites are slightly more active in attacking 
weevil stt^es in squares than in bolls, but the difference in this case 
is much less than in the case of ants or heat. From the combined 
effect of these three factors there is a total mortality averaging in 
bolls a little less than one-third, and in squares nearly three-fifths, 
of all weevil stages present. 

Among the 38,991 weevil stages found, 63,S per cent of this total 
number occurred in fallen squares. It is evident, therefore, that the 
factors of natural control which are most effective in destroying 
weevil stages in fallen squares are the most important in restricting 
the summer multiplication of the weevil. It appears that the Solen- 
opsis ants and heat are the two most important factors in this con- 
nection. 

In these examinations it was impossible to account for eggs and 
very small larvje, as the drying of much of the material and the decay 
present in another large portion would inevitably efface all traces of 
these stages even in cases where the work of the living larvse was not 
sufficient to have done so. In the absence of positive data showing 
the mortality in these young stages, no attempt will be made to esti- 
mate the mortahty that undoubtedly does occur early in the weevil's 
development. It is certain that the average of the smallest larvee 
found would not be more than one-third or possibly one-fourth 
grown, but the data given for the stages above the one-third grown 
larva, are thoroughly reliable. 

It is therefore safe to say that the mortality of the boll weevil 
throughout the infested area, as represented by twenty-eight well- 
distributed localities, during the period ffom June 16 to October 15, 
1906, from the effects of heat or drying, ant, and parasite attack 
averaged not less than 65 or 70 per cent of all the weevil stages sur- 
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viving beyond six or seven days from the deposition of the eggs. If 
to this percent!^ we add the 12 per cent which were found dead 
from some cause other than the three under consideration, but prin- 
cipally due to proliferation, we have a total mortality of from 75 to 
80 per cent. 

The average length of the developmental period from June to 
October is shown in Bulletin 51, Bureau of Entomology, page 94, to be 
between eighteen and twenty days. ' The mortality shown by these 
records occurs, therefore, during- the last two-thirds of the period 
between the deposition of the egg and the emergence of the adult 
weevil. When it is considered that a considerable proportion of eggs 
and very young larvie must also be destroyed, it becomes increasingly 
apparent that but a very small percentile of the total number of 
eggs deposited by the weevils in a field of cotton produce adults. 

It may seem that this tremendous destruction of weevil stages 
would be sufRcient to bring the weevils under practical control so 
that the comparatively small remainder would produce little injury 
to the crop. Such, however, is not the case. The fact is that in 
nearly if not quite all of the fields examined the weevils were so 
abimdant as to destroy a lai^e portion of the crop, and in most cases 
it is probably true that the multiplication of the weevils was finally 
limited by the amount of food supply present rather than by the 
destruction of the weevil stages by all these factors of natural control. 
This does not mean that the crop did not benefit by the destruction 
of weevil stages accomplished, for had it not been for this checking 
of the possible multiplication of the weevils few of the fields could 
have produced a crop that would have been worth the picking. 

Were it not for the fact that in nearly all cases the destruction of 
the weevil stage occurs only after the weevil has destroyed the cotton 
form, the crop might be much more largely benefited by this natural 
control. Without the natural control existing, cotton production 
within the weevil-infested area would be impossible; with it alone, the 
continuance of cotton culture may atill be possible; but only by sup- 
plementing the work of nature by the most practicable methods known 
can the balance be thrown largely in favor of the planter in producing 
a very profitable crop. , 

NATURAL CONTROI. IN VABIOUB IX}CALITIES. 

In the sections of Table III the data are divided according to the 
class of forms examined in order to make apparent the varying dif- . 
ferences in the effects of the several factors of natural control upon 
the weevil stages in each class of forms. In studying the combined 
effect, which is really the measure of control in any locality and for 
sny period of time, this separation into classes is no longer necessary. 
For this reason the figures given in Table VI represent a combination 
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of the four classes given in Table III. It is proposed to show for each 
locality the proportion of the total mortality due to each of the three 
factors, a comparison of the mortality in each stage of the weevil- 
larva, pupa, and adult — and the general climatic conditions prevail- 
ing during the period covered by the examinations. -In this way it 
may be possible to show whether any particular combination of cli- 
matic conditions prevailed in coincidence with the highest percentages 
of mortality found, or whether the percentages may vary widely 
under similar climatic conditions so that the real explanation for the 
variation must be due to other causes than climatic differences. In 
this table, as in Table HI, the percentage of mortality in larval, pupal, 
and a<?«Z( stages is based upon the total numbers of those stages which 
were found alive or which had died from the effects of heat or drying. 
It seemed impracticable to attempt the determination of the stage of 
the weevil destroyed by ants and parasites, though in many cases 
it would have been possible. The "total of weevil stages found" 
includes those found alive, those killed by heat or drying, and those 
which had died but probably from some other cause than heat, and 
each weevil cell emptied by ants as well as each instance of parasite 
occurrence. 

In the column showing "total mortality from three causes'' it 
may be seen that the range is fromi) to 84 per cent, with the average 
at 52 per cent. Eleven localities show a mortality above the average 
. and seventeen below it. For the eleven the average mortality is 
63.2 per cent, while for the seventeen the average is but 34.2 per cent. 
It is noticeable that nearly all of those showing the higher percentages 
are located below or south of the center of cotton culture in Texas. 
The figures in Table VI show the conditions for mortality by these 
three factors, and also give in each locality and in a general way the 
climatic conditions prevailing during the period of examination and 
for ten or fifteen days previously. In cases where no records are 
available, those are used for a near-by locality having weather con- 
ditions probably similar to those of the locality in which the examina- 
tions were made. The totals in this table show the general facts 
concerning mortality under average conditions in the twenty-eight 
localities representing in a general way t^p infested area. Besides 
the comparison as to mortality by each of the three factors repre- 
sented there is a general record showing the mortality found in each 
stage of the weevil from heat or drying. The records of the four 
principal classes of forms examined are combined in this table. 

It is shown that the mortality from heat in the larval stage amounts 
to 52.6 per cent, in the pupal stage to 18 per cent, and in the adult 
stage to 6.3 per cent. Nearly 70 per cent of all the mortality caused 
by heat or drying occurs, therefore, during the larval stage. An 
early shedding of infested forms is plainly very desirable. j|t^- 
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OO NATURAL CONTROL OF THE COTTON BOLL WEEVIL. 

Anta {Solenopsis geminata) accomptish a greater destruction of 
weevil stages than heat and parasites combined. ' Parasites are decid- 
edly the least important of the three factors. 

So many conditions influence the effect of sunshine especially that 
it is difficult to determine whether there exists anything like a con- 
stant relationship between the maximum temperatures at a locality 
and the mortality from heat or drying. In some cases a relationship 
is evident which can not be regarded as merely accidental. The 
localities in which a comparatively small series of . examinations was 
made should not be considered in this connection. 

The highest proportion of rainy days occurred at Calvert during July 
and August, being twenty-five in sixty-one days. The influence of each 
factor of natural control seems to have been greatly reduced by the 
excessive amount of rain (10.22 inches) «listributed over so many 
days. The total mortality was but 15.1 per cent, distributed among 
the factors as follows; Heat 3.9 percent, ants 9.3 per cent, parasites 2.1 
per cent. The high maximum temperatures occurring were evidently 
prevented from exerting their usual influence hy the almost continu- 
ously wet condition of the ground. This produced a high percen- 
tage of relative humidity which would naturally favor the development 
of the weevils. 

Fortunately for this portion of om- study an automatic self-regis- 
tering combined thermograph and hydrograph had been located at 
Calvert early in the season of 1906, and the records from this machine 
furnish valuable data regarding humidity conditions which could not 
otherwise be obtained. These records may be used in connection 
with Weather Bureau reports for the locality of Calvert and some 
interesting facts will appear. 

Around Calvert very light rains fell early in June, but from that 
time until June 25 there was no rainfall. The period from June 5 to 
June 25, 1906, shows an average relative humidity" amounting to 

a Relative humidity Is the term used to denote the proportion of atmoflphcric mois- 
ture which actually exists as compare<l with the amount of moisture which it would 
be possible for the air to contain at any given temperature. If the air contains all 
the moisture possible, it is said to be "saturated" and this ie the condition during 
fogs and sometimes, though not always, during rains. It is the condition of the air 
at a given point when dew is deposited. The relative humidity under this saturaitnl 
condition is 100 per cent. The condition opposite to this extreme is a perfectly dry 
air in which the relative humidity is 0. Tiie amount of moisture, or water vapor, 
which it is possible for a given amount of air to contain is much greater if the air be 
warm than if it be cold. Thus, taking a certain quantity of air containing a detinite 
quantity of water vapor, the percentage ol relative humidity will increase as the tem- 
perature is lowered and decrease as the temperature is raise'd. A low percentage of 
relative humidity naturally promotes evaporation owing to absorption of the moisture 
by the drier air, while evaporation ceases, even from a water surface, when the air 
becomes saturated. During the sumnitr in central Tesas the lelative humidity 
t a lew (cet above the ground during the nights until it reaches, as a rule, 
n of between 90 and 95 per cent. During the day it decreases until in 
it pan of the afternoon it reaches a minimum of between 30 and 50 per cent. 
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about 69 per cent. From June 25 till after September 10 showers 
were of frequent occufrence and the records ahow during this period 
an average relative humidity of 75 per cent. Doubtless very signifi- 
cant facts might be learned if for other localities data similar to those 
obtained for Calvert were available for comparison. 

DTFIiXTENCB OF CUXATIC CONDITIONS EaPECIAIJ.T. 

In further determining whether climatic conditions were the most 
important factors^ affecting the total mortality percentages, con- 
clusions may be more readily drawn by arranging the data in three 
groups, ranging from the highest total mortality to the lowest. 
Group A may include the eleven localities having a total mortality 
above the average of 52 per cent, ranging from 84 to 52.5 per cent. 
Group B may include seven localities having a total mortality ranging 
from 51.4 to 39.4 per cent. The division between Group B and 
Group C is made because of the rather large difference in percentage 
of total mortabty shown between 39,4 per cent, the lowest in Group B, 
and 28 per cent, the highest in Group C. Group C includes ten local- 
ities with the total mortality perceataf;e ranging from 28 per cent to 
zero. Each group is summarized to facilitate a general comparison 
of the average results of the observations made and of the average 
climatic conditions prevailing. The data are presented in Table VII. 
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From the elevea localities in Group A 52,334 forma were examined. 
This □umber constitutes 60-2 per cent of the total of the three groups. 
In these forma were found 23,947 weevi) stages. This number consti- 
tutes 61.4 per cent of the total number of weevil st^;es found in the 
three groups. The proportion of weevi] stages to forms examined in 
each of the groups varies but slightly. When we come to the total 
number of weevil stages killed by the three factors, we find in Group 
A 15,146 dead, which number is 74.7 per cent of the total mortality 
occurring in the three groups. This shows that in Group A there ivas 
actually an increase of nearly 15 per cent in the total mortality above 
the average proportion which might have been expected in this group. 
The average mortality occurring in Group A is 63.2 per cent. The 
percentage of mortality in Group A from each of the three factors is 
somewhat greater than the average shown in Table VI. For heat and 
drying this increase amounts to 6.3 per cent, for ants to 4.5 per cent, 
for parasites to 0.5 per cent. The greatest increase is therefore 
attributable to heat or drying and it might naturally be expected that 
the climatic records would show a considerably higher maximum 
temperature to account for this increased mortality. A comparison 
of the mean maximum temperature records for Group A with those for 
Groups B and C shows, however, an average difference of less than 2 
degrees. Between A and C there is an average difference of but 0.1 
degree. In group A 27 per cent of the weevil stages found were 
destroyed by heat or drying, while in Group C, having almost identic- 
ally the same mean maximum temperature, the mortality from this 
cause is but 7.1 per cent — a decrease in Group C of 19.9 per cent. 

The percentage of mortality from ants shows an even greater dif- 
ference between Groups A and C than has just been shown for heat, 
amounting in this case to a decrease of 22.8 per cent. Certainly this 
difference can not be attributed to the variations in temperature 
shown for these groups. 

While unquestionably an unusual deficiency of rainfall is very 
important in checking the development of weevils, the difference 
shown in this table for the average monthly rainfall in each of the 
three sections can not account for the difference found in the total 
mortality from any of the three factors. Thus in Group A, having a 
monthly average of 3.39 inches, which is 0.89 of an inch above the 
average normal rainfall for the localities given, and an average of 6.2 
rainy days per month, the mortality from heat or drying averages 27 
per cent. In Group B, for seven localities the average total rainfall is 
2.6 inches per month. For these localities this is a deficiency amount- 
ing to 0.72 inches per month. We have here five' rainy days per 
month and the mortaUty from heat or drying is but 13 per cent, or less 
than one-half the mortality found in Group A. Similarly, in Group 
C, with a mean maximum temperature approximately the same as 
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that in Group A and a total r&iufall for each moDth averaging 3.75 
inches, which is 1 .92 above the normal, there is a total mortality from 
all three causes averaging but 19.1 per cent, while that from heat alone 
averages but 7.1 per cent- A comparison of the mortality from ant 
work between Groups A and C shows in C s decrease wmch ia very 
nearly proportional to that found for heat, while the reduction in 
parasite work is comparatively shght. 

These facts seem to point to the conclusion that other factors than 
climatic conditions must explain the variations in mortality which 
M^ shown in this table. Undoubtedly eXlremt variations in tempera- 
ture and rainfall are exceedingly important, but it is obvious that the 
av«ra^e variation in these factors does not produce a corresponding 
variation in the mortality figures, such as might be expected. Evi- 
dently there are other factors m'odifying or neutralizing the effect of 
climatic variations, which if acting alone might produce more consist- 
ent results. 

IKFLITBirCB OF CULTUSAIj CONDITIONS. 

High temperature can affect the weevil stages only after the forms 
have fsllen or been so cut off from vital connection with the plant 
that the gap flow is stopped and a drying of the form results. The 
effect upon the weevil stage will then depend upon the conditions of 
exposure to the heat. If the square or boll remains hanging or dries 
upon the plant, the temperature in it will not rise as high as if those 
forms were exposed directly to sunshine upon the surface of the 
ground. If the square or boll falls to the ground, its position in 
regard to the shade of the plant will determine largely the degree of 
exposure to the heat of the sun and, consequently, the probabihty as to 
the survival or destruction of an inclosed weevil stage. The direction 
in which the rows run, and more especially the open distance between 
plants, will affect the exposure of the fallen forms to the direct action 
of the sun. The dryness of the surface soil is another factor which 
will largely affect the drying of the forms and the mortality resulting 
from heat. The work of the living larvse naturally produces a larger 
degree of moisture in the infested forms than will be found in those 
which contain no weevil stage. If the conditions are such as to 
insare a very rapid and complete drying of the form within a few days 
after it falls to the groimd, there is a strong probability that the 
weevil stages affected will be destroyed byheat or drying. If climatic 
or environmental conditions favor the weevil's development until the 
pupal stage is reached, the condition of the form is then much more 
favorable for the entran<:e and attack of the ants. The ants seem 
to be able to recognize the presence of a living weevil stage within 
a form and rarely, if ever, enter forms in which the stages have pre- 
viously been destroyed by heat. If ants destroyed both parasite and 
weevil stages no evidence of the parasitism might remain. It ia 
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possible that the indiscriininate work of ants may explam, in part 
at least, the fact that fallen forms have invariably yielded a smaller 
percentage of parasites than have hanging forms. Referring to 
Table III, this difference in the percentage of parasite attack is shown 
as follows: In hanging bolls, 6 per cent; in hanging squares, 12.8 
per cent; in fallen bolls, 1 per cent; in fallen squares, 3.2 per cent. 
As the ants are already distributed in the cotton fields throughout the 
weevil-infested area, it is evident that their relative abundance in 
different locahties may explain to a considerable extent the variations 
which have been found in the percentage of mortality resulting from 
ant attack. 

It has been found that all of the parasites which attack the weevi) 
are native species having some other host which lives normally in some 
part of the vegetation surrounding the cotton fields. In no case can 
the weevil be considered as the primary or preferred host of any of 
these species. It has been found that in many instances the occur- 
rence of other weevils, living under such diverse conditions as in the 
buds, flowers, fruit, seeds, stems, roots, or in galls formed by the attack 
of some other insect, a large variety of weeds, or other common plants 
and of trees, directly infiuences the abundance of parasite species and 
explains variations which have been fomid in the extent of parasite 
attack upon the boll weevil. It is plain, then, that the abundant 
occurrence of some plant supporting a large number of other weevils 
which do not at all affect cotton may produce indirectly an abundance 
of some parasite species which is capable of attacking the weevil. 
It is to be hoped that some of these parasites may ultimately develop 
a preference for the boll weevil as their host. This would seem to be 
a possibility, because the boll weevil presents a continuous series of 
stages for parasite attack throughout the season, whereas in many 
cases it is known that parasites are forced by the short breeding sea- 
son of their original host to change from one host to another in order 
to continue their own reproduction throughout the season. The 
tendency of parasites to adapt themselves to this change in possible 
host conditions demands continued careful investigation. 

The note records concerning cultural conditions in the various fields 
investigated are not as complete as is desirable for this study, but a 
general summary of conditions as noted will be given to determine 
the possibiUty that cultural conditions may explain some of the 
variations which have been found in mortality. In Table VIII, Group 
A, the cultural notes are given for most localities recorded in Table 
VII, Group A, The same arrangement in regard to total mortahty is 
retained. 
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From a careful study of Table VIII it is quite evident that ao 
single cultural factor will be found to explain the varying mortality. 
The character of the soil in each group raiies from sandy postoak to 
black river bottom. The direction of the rows fails to show any con- 
sistent relationship to the proportion of weevil stages destroyed. 
The condition of cultivation was recorded for but few fields, and may 
practically be disregarded because of the lack of data. In the column 
for spacing of plants among the remarks are some points which were 
undoubtedly influential in producing the mortality results shown. 
Table VIII should be studied in connection with Table VII. At 
Beeville it was noted that the stand was poor and that only one-half 
of the ground was shaded where the stand was good. A large propor- 
tion of the squares were infested as early as July 12, and fallen, 
drying squares were abundant on the ground. Referring to Table 
VII in connection with Table VIII, it will be seen that under these 
conditions, with only fallen squares and bolls examined, the mor- 
tality from heat was quite large, but that caused by ants was 
relatively more than three times as great. Had the ants not been so 
active, it is very likely that the percentage of mortality from heat 
would hare been very much greater. As it was, so many weevil 
st^s were destroyed by the ants soon after the forms had fallen 
that the mortahty from heat was kept comparatively low. 

At Beeville about the middle of July the cultural notes indicate 
that the stand was uneven and that at best only about one-half of 
the ground was shaded. During July and August the climatic records 
show that the temperature averaged 1.5 degrees below normal, while 
the rainfall amounted to 1.42 inches above normal. Doubtless the 
excess of rainfall and the deficiency of heat are correlated. Under 
these conditions, however, there occurs the highest total mortality 
found in any locality, i. e., 84 per cent. Of this total mortality heat 
and drying was responsible for 20 per cent, while ants destroyed 62.8 
per cent. In this case, therefore, it is evident that the ants were far 
the most important factor in producing the highest recorded per- 
centage in mortality, and it would appear that their work was favored 
by the conditions of open spacing, medium heat, and much moisture. 

At Overton the ants caused an even greater proportion of the total 
mortahty than is shown above for Beeville. At San Antonio the 
examinations were not extensive, but the ants were responsible for 
the entire mortality found. In these three cases of highest total 
mortality the chmatic factors would seem to have been much less 
important than was the abundance of the ants, which might have been 
influenced by local conditions. 

At Corpus Christi ail of the examinations were made on July 10. 
The notes show that at that time the ground was about two-fifths 
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shaded, while it was very dry and had cracked deeply. The tempera- 
ture records at Corpus Christi (Table VII) show far less range in 
temperature than is found at most of the other localities, which are 
all situated farther from the coast. The mean maximum tempera- 
ture, therefore, appears to be relatively low, although the mean 
average temperature is 1.3 degrees above the normal for that locality. 
The weather records for May show that the temperature averages 1.3 
degrees above normal, while during that month the rainfall was 1.78 
inches below normal. June records show that the temperature 
averaged 1,7 degrees above normal, while rainfall was 1.63 inches 
below normal. July was also warm and dry, so that in this case the 
40 per cent of mortality ascribed to heat or drying is very evidently 
the result of the extreme drought which had prevailed during the 
preceding eight or ten weeks. The high total mortality at Corpus 
Christi appears, therefore, to be largely a direct result of the extreme 
drought in a very open field, together with the active assistance of the 
ants. 

At Hallettsville during August occurred the highest mean maximum 
, temperatures found in any locality except KerrvHle, although the 
mean average temperature was only 1.1 degrees above normal. The 
rainfall recorded was 1.54 inches below normal for the month. The 
full effect of this drought was probably not realized because of the fact 
that during the month there were traces of rain upon eleven days, 
when the precipitation was not sufficient to be measured. The cotton 
was dying in places and green in patches, so that forms must have been 
largely exposed, and the high temperature and drought should have 
produced an even higher mortality than the 31.7 per cent found for 
this factor. The eifect is probably also modified by the fact that dur- 
ing July nearly the normal amount of rain had fallen, so that the ground 
during August was not nearly as dry as it was at Corpus Christi during 
July. At Hallettsville, also, ants were responsible for more than the 
average percentage of mortality. An explanation of the reasons for 
the great difference shown in the effect of heat, especially between 
Hallettsville and Kerrville, may be given at this point. A direct 
comparison of the Weather Bureau records will show at a glance how 
the influence of one important factor may be essentially affected by 
other related factors, and in this case it will afford an ample explana- 
tion of the mortaUty from heat, amounting to 31.7 per cent at 
Hallettsville, with a mean maximum temperature of 95 degrees, and 
only 3 per cent at Kerrville, with a similar temperature of 95.3 degrees. 
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Such differences as those shown m rainfall and cloud conditions 
are entirely sufficient to explain the difference in the effectiveness of 
similar maximum t«mperatures. 

At Cuero the month of June was extremely hot and dry, showing a 
temperature averaging 4.6 degrees above normal and rainfall 2.04 
inches below normal. These conditions are probably responsible for 
the major portion of the crop that was set in that locality. During 
July there was an excess of rainfall amounting to 2.63 inches, while 
during August the excess amounted to 0.77 inch. While the mean 
average temperature for August was I <legree below normal, the 
mean maximum temperature ranged very high. In this case it 
appears that the mortality from heat or drying, amounting to 29.5 
per cent, was due not so much to drought as to the fact that the 
maximum temperature experienced during the month reached 95 
degrees or higher upon-nineteen days. In this case, apparently, heat 
may have been the important factor rather than drying. 

At Waco, Junctitm, and Victoria, Tex., the mortality is very 
evenly divided between heat and ants, the excess at Waco being due 
to a much larger percentage^ of parasitism. At Brownsville a lai^e 
proportion of the mortality appears to have been due to heat, and 
this would seem to be a natural condition for that locality. 

The study of the data shown in Tables VII and VIII for the locali- 
ties in Group B indicates similar conclusions for those shown for 
Group A. At Mineola, in a total mortality of 51.4, 31.5 per cent was 
due to heat or drying, and the remarks state that it was "very dry 
and hot" at the time the collection was made. 

At Trinity, with 50.5 per cent mortality, but 10.4 per cent was due 
to heat, while the destruction of stages by ants amounted to 37.7 per 
cent. The remarks show that although a largo portion of the leaves 
had fallen from the plants because of a fungous disease, the excessive 
amount of rainfall would naturally prevent a large mortality from 
heat or drying, "while the presence of "many Solenopsis" directly 
explains the large proportion of the total mortality which was due to 
11575-Bul. 74—07 i 
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their work. During July the rainfall amuuDted to 8.36 inches, amply- 
justifying the remark, "Much rain for past five weeks," and fully 
explaining the low mortality from heat or drying. 

The remaining localities given in Group B arid those which have 
been included in Group C show a continual decrease in total mortality. 
The decrease is more evident from the effects of heat or drying and 
from ant attack than it is from tlie attack of parasites. Thus in 
Group B the average weighted percentage of mortality from the para- 
site attack is 3,8, while in Group C it is 3.3 per cent. From ant work 
in Group B there is a weighted average mortality of 26 per cent, while 
in Group C it averages 8.7. Mortality from heat or drying in Group B 
is 13 per cent, while in Group C it is but 7.3 per cent. It is evident 
that the extent of ant and parasite atta<;k will be directly influenced 
more by the abundance of the species concerned than by the climatic 
conditions under which they may work. It is impossible to determine 
whether ants or parasites are particularly abundant in any locality 
except by determining the proportion of weevil stages which they 
have destroyed, but the primary actual cause of their abundance may 
depend upon very different conditions. 

It is possible that the ants might be quite abundant and still attack 
the weevil stages but little if some other food supply were more easily 
available. It is manifestly more difficult to determine why mortality 
■is low in a field than it is to determine what are the effective factors 
when it is tiigh. From a comparison of Groups A and C in Table VIII 
it would appear that in Group A tlie predominant type of soil is sandy, 
while in Group C the soil is heavier and probably would tend to give 
a ranker growth of weed. This conclusion seems tti be borne out by 
the remarks given for Group C, which indicate a heavy growth and a 
large degree of sliade. This condition would decrease the efficiency 
of sunshine, and it is quite likely also that the soil conditions in these 
fields were not as favorable to the ants as in the more sandy locations. 

It has been generally considered that the weevil has done greater 
damage in river bottoms than in upland fields. Tliis has been held 
to be due to the greater moisture of the bottom lands and the ranker 
growth of the plants grown thereon. From the considerations which 
have been mentioned it would appear that this idea is well founded, 
but that the difference is due in a possibly equal degree to the absence 
of ants in the river bottoms. If this be true, then the importance of 
strictly cultural methods in controlling the weevils in the bottom lands 
may be even greater than it is on uplands, since as a general rule the 
factors of natural cemtrol may be less effective in such locations. It 
is evident, however, that there is no definite line of division between 
the localities in which natural control will be most effective and those 
in which it will be least so. Only by continuing observations for 
several years will it be possible to determme at all definitely the class 
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of locations which will benefit most lai^ly by the sverage effectiveness 
of these factors of natural control. 
□fPLTTENCE OF FEBIOO OF INFESTATION TTFON NATT7BAL 

CONTROL. 
A rearrangement of the data given in Tables III and V may be used 
to give a comparison of the results' according to the classes of forms 
exambed for Louisiana and' for Texas. The separation of the data 
for the two States is made to enable a comparison as to mortality in 
a recently infested area, as in Louisiana, with an area which has been 
infested for a considerable time, as is the case with nearly all the 
localities examined in Texas. 
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Naturally the examinations in Texas cover a much larger number 
of forms than do those in Louisiana, amounting to 87.4 per cent of 
the total for the two States. The Louisiana forms show a slightly 
greater proportion of weevil stages to forms examined than do those 
from Texas, in the former case the proportion being one weevil st^e 
to each 2.15 forms, in the latter State one weevil stage per 2.25 forms. 
This difference is, of course, but slight. 

In comparing the mortality results for the two States it appears 
that in Texas the total mortality averaged fully 10 per cent higher 
than it did in Louisiana. The smaller mortality found in Louisiana, 
being inevitably connected with a higher proportion of weevil develop- 
ment, doubtless explains sufficiently the slightly higher proportion 
of weevil stages to forms examined which was found in that State, 
A comparison of the mortality from each of the three factors shows 
that in Texas the mortality from heat or drying and from parasites 
exceeds that from these causes in Louisiana, while in the latter State 
the proportion of mortality due to the work of ants is slightly greater 
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than that found in Texas. Nearly all of the excess in total mortality 
found in Texas is shown to be due to heat or drying. A sufficient 
explanation for this differente in the effect of heat in the two States 
is not brought out by the notes. By reference to Table VII it may be 
seen that only one locality in Louisiana (Mansfield) is to be foundin 
Group A, which contains those localities having a total mortality 
greater than 52 per cent. In that case it is quite evident that anta 
were responsible for about three-fourths of the total mortality found. 
It is also evident that the mortality from heat in that locality was 
greater than at any other locality examined in Louisiana. This was 
doubtless due to the early defoliation of the plants by rust, but even 
in this case it was hartlly equal to one-half of the average mortality 
from heat found in Group A. In Table VIII it is shown ttiat all of 
the fields examined in Louisiana had a sandy soil. This soil condi- 
tion may have been related in some way to the larger mortality from 
ant work and to the smaller mortality from heat or drying, but further 
observations are needed to definitely determine the correctness of this 
supposition. It is noticeable that parasites are somewhat more active 
in Texas than in Louisiana, antl the difference shown probably indi- 
cates fairly correctly the degree of adaptation to weevil conditions 
which the Texas parasites have undergone. This seems especially 
true in view of the fact that a general average of observations upon 
parasite attack made in Texas four years ago also showed 3 per cent, 
as do the Louisiana localities in 1906. 

In comparing the figures given for each class of forms in the two 
States some peculiar conditions are noticeable. Among hanging 
forms in Louisiana the total mortality averaged 48.6 per cent, while 
for the same class of forms in Texas the total mortality averaged but 
37.9 per cent. On the other hand, for fallen forms in Louisiana the 
average was 39.6 per c«nt, while in Texas it was 57.9 per cent. The 
reason why the percentage of mortality is higher in hanging forms 
than it is in fallen forms in Louisiana while it is higher in fallen than 
in hanging forms in Texas is not apparent. A tabular statement of 
these differences presents them most clearly : 
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The (onclusion that is stnkmgly apparent is that, for some reason, 
the mortahfv among the forms on the ground is much greater in 
Texas than it is m Louisiana from the factor of heat or drying. As 
is shown in Table VII, the temperature differences are not sufficient 
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to account for the disparity if the conditions of exposure to the sun- 
shine were at all similar. The difference of 3.5 per cent among the 
hanging forms is not great and it seems reasonable to assume that a 
generally more dense shade may have protected the fallen forms in 
Louisiana. This would possibly favor ant work but be unfavorable 
for destruction by heat and by parasites in fallen forms. 

From Table X, as a basis of comparison of areas which have been 
infested for different periods of time, it appears that in the territory 
infested but about two years the parasite attack amounts to only 
about two-thirds as much as it does where the weevils have been 
present for an average of five years. In neither case are they suffi- 
ciently abimdant to be considered as a factor of great importance at 
present, but recent experiments indicate that it may be possible to 
greatly increase their utility in the future. The Solenopsis ants do 
not seem to require a long period of time to become accustomed to 
the weevil's presence, but attack the stages readily and probably in 
proportion to the abundance of the ants. It would seem that the 
effectiveness of heat may have been increased by the methods of 
cultivation of cotton which have been adopted by the planters in the 
older infested region in Texas, 

EFFIOIBNCT OF KATUSAI. OONTBOL DT VABI0U8 SECTIONS. 

In the sectional reports of the Weather Bureau for Texas the 
localities from which observations are reported are divided into seven 
sections, according to their geographic location and their simi- 
larity in regard to climatic conditions. In making a more detailed 
locality study of the natural control of the boll weevil, it seems 
advisable to group the localities which have been examined upon the 
same general basis as has been done in grouping them for weather 
observations. The first two groups, western Ixiuisiana and eastern 
Texas, have very similar conditions of climate, soil, flora, and fauna. 
In the group designated as southern Texas are found those localities 
which are included in the Weather Bureau reports as in the "coast" 
district, together with Cuero and IlallettsviUe from the "south- 
western" district. These localities would seem to be more closely 
identified with the conditions of the coast district than with those of 
southwestern Texas so far as weevil conditions are concerned. For our 
present purposes, therefore, we have formed five groups of localities in 
Texas and one in westemr Louisiana. It is somewhat unfortunate 
that the limitations of the printed page prevent the association of all 
thedata which should be considered inastudyof thiskind,anditisalso 
realized that it is a difficult matter to make comparisons and to draw 
conclusions from a table even as extensive as is Table XL We believe, 
however, that it is better to present these data, so that anyone who 
may care to study the subject more fully than can be done ii^ this 
bulletin may have the opportunity of referring to these figures.'-'^ 
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A casual examination of the data given in Table XI will be suffi- 
cient to show that considerable variation exists in the mortality pro- 
duced by each factor in the same class of forms in even the most 
closely associated localities. This seems to prove the influence of 
local conditions affecting the mortality produced by- the different 
factors. From several considerations this would seem to be an 
encouraging fact, indicating that it may be possible to change unfa- 
vorable conditions or to take advantage of those which are most 
favorable in regard to environment, cultivation, soU, etc. It is 
noticeable that in all classes of forms, in practically all localities, a 
large proportion of the mortality from heat Occurs during the larval 
stage. In southern Texas alone does the larval mortality in hanging 
dried squares fall below that in any other class of forms. In that 
case three-fourths of all larvae found in fallen squares were killed by 
heat, while in the hanging squares slightly more than one-half were 
thus killed. As a general average for the entire area about 53 per 
cent of the larvie, 18 per cent of the pupae, and 6 per cent of the 
adults had been killed by heat. These percentages are very nearly 
in the ratio of nine, three, and one. It appears that the nearer the 
weevil stage approaches maturity the less susceptible is it to the 
adverse influence of heat or drying. This shows how important it is 
that the spacing of the plants be such as will submit the lai^est pos- 
sible proportion of fallen forms to the direct influence of sunshine. 
Whatever spacing may have been foun<l advisable where weevils 
were not present, there can now be no question about the general 
soundness of the recommendation for increasing the space allowed 
each plant wherever the weevil is present in abundance. It is true 
that the efficiency of this factor under similar cultural conditions may 
vary widelj' during different seasons, and during different portions of 
the &ame season, but in any case the data given would seem suffi- 
ciently reliable to prove that under nearly all conditions, with the 
weevil present, wide spacing is advantageous. 

It was found impracticable to determine the effect of ant attack 
upon the various stages of the weevil. It may be stated that, in 
general, parasites were found to attack the weevil during the last few 
days of the larval stage. A considerable nunjber of parasitized pupie 
were found, and in a very few cases the weevil had become adult 
before death was caused by the parasite. As the parasite causes 
the death of its host very quickly after beginning its attack, the time 
required for the egg stage of the parasite should be taken into con- 
sideration in determining the time of attack, but it has been impos- 
sible, as yet, to determine the egg stage for any of the parasites of 
the weevil. 

HOBTAIJTY IS EACH CLASS OF FOBUS FOB EACH SECTION. 

Some additional points in the comparison of the general results 
shown in Table XI may be more conveniently shown by such arrange- 
ment of the totals and averse percentages as is given in'Table XII. 



MOBTALITY IN EACH CLASS OF FORMS. 



Table XII,— Comj>ori*<m of mortality regulu by clasa o/fo 
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In Table XII one of tlie most striking points is the rather uniformly 
high percentage of parasitism in each section found in dried hanging 
bolls and squares. By far the hifjhest percentage of parasitism is the 
21.8 per cent shown in dried squares in central Texas. Western 
Texas leads in the percentage of parasitism in fallen squares, but when 
the comparatively small number (287) of weevil stages foimd is con- 
sidered, it would appear that 8.5 per cent may be lai^oly in excess of 
the percentage which woult! have been found in so extensive a series 
of observations- as was made in central or southern Te;xas. A similar 
exception should be noted for the 100 per cent of mortality from ant 
work in dried hanging bolls in western Texas where only a single 
weevil stage was foun<l. In dried hanging squares the mortality 
from heat, as a general rule, very nearly equals that from ant attack, 
while in other classes of forms ants destroye<l many more stages of the 
weevil than did heat and parasites together. 

In regard to ant work, it is evident that the high percentage shown 
among fallen squares in each of the six sections examined is very 
important. This is os|>ecially so because of the fact that these per- 
wntages apply to the largest series of examinations made, the number 
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of weevil stages found in this class of forms being somewhat more 
than 60 per cent of the total. Eastern Texas, southern Texas, and 
western Louisiana seem to have profited most by the work of the ants 
in fallen squares, and these same sections show the highest percentages 
of ant work in fallen bolls, as might naturally be expected. 

The wide diversity of conditions under which the ants suc<;essfully 
attack the weevil is another one of the encouraging features shown by 
this work. It proves in a very reassuring way the general distribution 
of this species of Solenopsis and their activity in destroying weevil 
stages in every class of forms and in all parts of the infested area. \ 
The value of the work which they do in restraining the weevil multi- 
plication can not be estimated. Their work henceforth will be more I 
fully appreciated and a careful studj' will be made of the life history ■ 
of the species and of the possibility of producing an increase in its | 
efficiency. 

SECTIONS PBOFITINO MOST BY NATTTBAL CONTROL. 

Still another arrangement of this same series of results will show | 
most plainly a comparison of the total mortality in the four classes of i 
forms for each of the six sections into which the localities have been 
grouped. In Table XIII are sht)wn the general results of the 
examinations. 

Table XIII. — Comparison of total morlality resulu according to section. 
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Many of the conclusions which might be drawn from Table XIII 
have already been stated in connection with preceding tables. The 
last column shows that southern Texas enjoys the benefits of natural 
control to a larger degree than does any other section. In that section 
62.6 per cent {nearly two-thirds) of. all stages found had been de- 
stroyed. One half of this mortality was accomplished by anta, the 
other half by heat and parasites combined. Central Texas stands 
next, with a total mortahty of 45.5 per cent. In this section, while 
the effectiveness of heat and of ants had decreased, that of parasites 
had considerably increased. The increase in parasite attack, however, 
was by no means sufficient to counterbalance the decrease from the 
other two factors. Western Louisiana and eastern Texas, with 43.2 
and 41.4 per cent of total mortality, respectively, show very close 
agreement in the proportions of mortality from each factor. This 
close agreement might be anticipated because of the similarity in 
soil, climatic, and cultural conditions prevailing in those adjacent 
sections. The principal reason for separating the localities into 
these two sections was to facilitate a comparison of the recently 
infested territory of Louisiana with the older-infested sections of 
Texas. In this respect, also, but little difference exists between east- 
em Texas and western Louisiana. In analyzing the factors producing 
the closely similar total percentages of mortality in western Louisi- 
ana and in central Texas it will be seen that there were very essential 
differences. In western Louisiana nearly 70 per cent of the total 
mortality found was due to ant attack, while in central Texas only 
43.5 per cent was due to anta. It is evident that in central Texas 
may be found the conditions which are most favorable to parasite 
attack. An extended study is being made of the entire field of para- 
sitic attack upon the boll weevil, and part of the results previously 
obtained may be found in Bulletin 73 of this Bureau. By far the 
lowest proportion qf total mortality is that found for southwestern 
Texas. Most of the localities included in this section have but 
recently become infested. It would appear, however, that in the 
higher altitude of those localities heat may not be quite as effective 
and that anta may not be as abundantly distributed as they are in 
other sections of the State. The observations in this locality have 
aot extended over a sufficient period to justify any general conclu- 
sions regarding the result of the smaller degree of natural control 
which would appear from the observations made. It is quite possible 
that other factors than these which are here considered may serve to 
check the weevil in this section. Such a condition as a much larger 
mortality during the hil>emation period might hold the weevUa largely 
in check in spite of the smaller mortality during the summer. 
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It seems advisable in connection with this study of factors con- 
cerned in the natural control of the boll weevil to place on record some 
of the data which have been obtained, showing the proportion of 
squares and bolla which have been fountl to be destroyed by weevil 
attack or which were shed by the plant from natural causes without 
insect injury. 

COLLECTIONS OF FALLEN FORMS IN 1905. 

During the season of 1905 quite extensive experiments were made 
to determine the value of a thorough collection of fallen forms in 
checking the injury done by the weevil. These experiments showed 
a net loss. The cost of collecting fallen forms exceeded by several 
dollars per acre the slight increase in yield shown by the plots from 
which collections were made as comparetl with plots under similar 
conditions, but In which no forms were collected. No examinations 
were made of these forms to determine the proportion which had been 
attacked by the weevil, but from sample lots as shown in Table XIV 
the proportion of squares and bolls was determined. 



Table XlV.-Pmportio 
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It should be stated that the lots for which figures are given in 
Table XIV were from the last collections made in those experiments. 
The picking began early in July, and doubtless a test at that time 
would have shown a considerably larger proportion of squares. As 
it was, the average proportion among the nearly 11,000 forms exam- 
ined was approximately one s(iuare to every three small bolls. In 
the field at Gurley five collections were made in about six weeks. 
This work extended j^ver one-half of the 16-acre field. Upon this 
8 acres about 730,000 fallen forms were collected. According to the 
proportions shown in Table XV, it would seem conservative to esti- 
mate that. in this field at Gurley there were collected fallen squares 
containing from 100,000 to 125,000 weevil stt^es, and in the fallen 
bolls from 100,000 to 115,000 stages. From this 8 acres, therefore, 
there were collected, during July and August, 1905, in all probability 
from 200,000 to 250,000 weevil stages. If we apply to this numbfT 
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of stf^es the proportion shown by Table VI to have reached the 
adult Btage in Louisiana and Texas in 1906 (i. e., about 17 per cent), 
it would appear that this work of collection prevented the emergence 
of from 34,000 to 42,500 adult weevils upon an area of 8 acres. 
When it is considered that in spite of this large destruction of weevils 
the resulting increase in yield averaged hardly 50 pounds of cotton 
per acre, the reader will be able to realize more clearly than he could 
without such a comparison the tremendous importance of the factors 
of natural control which do, under exceptionally favorable conditions, 
make it possible to produce a very profitable crop, because of their 
direct effect in reducing the number of weevils which reach maturity. 
It will be understood, also, that the total mortality resulting from all 
factors must become very large indeed in order to reduce the damage 
done by the small percentage which do survive, so that the develop- 
ment of the crop may far outstrip the insect attack. 

COLLECTIONS OF FALLEN AND OF DRIED UANOINO FORMS IN 1906. 

In Tables XV and XVI are presented some of the results from 
the work of 1906. In these tables, however, it is possible to include 
a statement of the number of weevil stipes found in each examina- 
tion. In the collection of this material there was no particular selec- 
tion of squares or bolls, but all forms were taken as they occurred. 
Special collections were made, however, for hanging and for fallen 
forms, so that the proportion of hanging and of fallen forms could 
not be considered as an indication of the proportion which actually 
existed upon the area from which collections were made. This 
explanation applies both to Table XV and to Table XVI. 
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Table XV.—Proporti 
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As is shown in the last line of totals, giving the average percentages 
for the four classes of forms examined, 56 per cent of the 11,000 forms 
contained no stage of the weevil. Among 5,561 bolls, including both 
hanging and fallen bolls, 71 per cent contained no weevil st^;e, while 
in the remaining 29 per cent, 1,604 bolls, there were 1,762 weevil 
stages. This means that in the bolls found to contain weevil stages 
there were an average of 1.098 stages per boll. Among the 5,438 
squares, 40 per cent contained no weevil stage. In the 3,241 squares 
containing stages there were 3,255 found. In squares, therefore, 
there were about 1.004 stages for each square. This shows how 
strictly the multiplication of the weevil is limited by the available 
supply of squares. An averse of squares and bolls shows but 1.035 
weevil stages for each form which was found to contain them. Among 
all bolls but 30 per cent contained a weevil stage, while among all 
squares 60 per cent were infested. While it is probable that few of 
the 30 per cent of squares which failed to show some stage of the 
weevil had really escaped all form of weevil injury, it is equally prob- 
able that a very small portion of the 70 per cent of bolls which were 
found to contain no stage of the weevil had ever been attacked in any 
way. Thus, while few squares perished regardless of weevil attack, 
probably more than one-half of all the small bolls which perished had 
not been attacked in any way by the weevil, though it is possible that 
in many cases there had been some form of injury to the square or 
bloom connected with that boll. 

In the examination of material from Texas there are so many local- 
ities represented for each class of forms that it seems advisable to 



divide the table into a section for each class. 
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Tablb XVI.— Proporiiw o//r 

A. HANOINO, DRIED BOLLS. 
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Table XVI.— Proportion of frail dettroyed by inaecl injury or by natural e 
Texas, 1906— Continued. 

B. HANGING, DRIED 8QUA.RES. 





Locality. 


Total 


^»™™ 


without 


Squares 


with wppvll stagPE. 


Date. 


"SS: 


Number. 


r?io^! 


Number. 


SiS. 


ofweevU 
"US 


Aug. 22 


Calvert 


lOfi 
100 

192 

4eo 

216 
t3 


IS 
36 

12 

J 

29 
32 
27 


04.2 
22.6 

Is 

43.4 
58.3 

36.0 

1? 

63.0 

36: 1 

48.3 

9».3 

35.0 
62.8 


•i 

138 

1 

13 
24 


TLB 
56. B 

es.8 

72.7 

8o!o 

7o:o 

83: S 
63,9 

46.0 


J 






m 






C^^vert^ 








m 












































ii 


















Aug. 3D 

ft:?. 

Bmi. 1 
Total 






MsHhaU 

Overton 


i 






San Antonio 




Trinity.! 


i 


Victoria 


1 














Waco 

SS::;;::;::;::>;;:::::::::; 


g 


5,663 


2,33* 


41.2 


3,329 


-i '■" 



n,g,t,7.dt,G00glc 



DESTRUCTION OF COTTON FORMS, 



;. FALLEN BOLLS. 
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\j vntweal i^ 
O. FALLEN SQUARES. 
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From Table XVI A, hanging, dried bolls, it appears that three- 
fourths of the number examined contained no weevil stage. In this 
case there were found 1.227 weevil stages for each boll which was 
found to contain any. The percentage containing some stage shows 
an exceedingly wide variation between the 1.3 per cent for San 
Antonio, where the infestation was slight, and the 83 per cent, at 
Waco on September 20, where the infestation was very heavy. It 
i.,|., II, L.OO^IC 
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seems that the presence or absence of a weevil stage has little, if any- 
thing, to do with the retention by the plant of a portion of its surplus 
fruit, but that the abundance of weevils in proportion to their food 
supply may be largely responsible for the variations which appear in 
the percentage of thes^ dried, hanging bolls which contain some 
weevil stage. 

In Table XVI B, among the hanging dried squares, nearly 59 per 
cent of these examined contained some weevil stage. In this case 
there were found an average of but 1.01 stages per square. The per- 
centage containing weevil stages varies somewhat, as it did in the case 
of dried bolls, but the variations are not exactly parallel. One 
reason for this apparent lack of agreement may be found in the fact 
that weevils show considerable preference for squares, and therefore 
attack them to a much larger extent than they do the small bolls. 
Among the bolls an average of 24.6 per cent contained some stage of 
the weevil, while among the dried squares there were 58.8 per cent. 

In Table XVI C, fallen bollsj it appears that an average of only 
about 18 per cent contained some weevil stage. In this case there 
were found 1.106 weevil stages for each boll found to contain any. 
Examinations in three localities failed to reveal any weevil stage in a 
total of 380 bolls. Two of these examinations were made at Victoria 
in June before weevils had become sufficiently abundant to attack 
bolls to any extent. The third case was at San Antonio, where, as is 
indicated by observations in the other classes of forms, the infestation 
was comparatively light. It is probable, however, that a more 
extensive examination would have revealed some weevil stages in 
fallen bolls at Smi Antonio. 

In Table XVI D, fallen squares, it is shown that slightly over 60 
per cent contained some weevil stage. In this very large series of 
exanunations there were but 1.05 stages for each square containing 
any. As would naturally be expected,' there is not quite so wide a 
range between the extremes in the percentage of total squares which 
were found to contain a weevil stage as in other classes of forms. 
The importance of fallen squares, as compared with other classes of 
infested fruit, is shown by the fact that, in the 36,354 fallen squares 
examined, were found 22,169 weevil stages; whereas, in the 40,166 
forms in the other three classes for Texas, there were but 11,666 
weevil stages. While 60.7 per cent of the fallen squares were found 
to contain some stage of the weevil, an average of the three other 
classes of forms showed stages in but 26 per cent. The special signif- 
icance of these comparisons, from the standpoint of natiu-al control 
of the weevil, may be appreciated when it is considered that the total 
mortaUty in fallen squares is much greater than in any other class of 
forms. 
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This may be more clearly understood if we consider a concrete 
illustration based upon the actual average percentages shown in Table 
ni. In addition to the percentage of weevils found dead at the time 
of examination, it is reasonable to assume that had the stages been 
left in the undisturbed forms until all surviving weevils might have 
emerged, there would have been an increase in mortality fully equal 
to one-half of the percentage shown by the examinations. Based upon 
this mortality, a hypothetical illustration shows in a striking way the 
influence which the class of form may have upon the proportion of 
weevil stages reaching matra-ity therein. 

TA.m.E XVU.~Jllu«t3-aHon of effect of natural control, asfovnd, upon veevil dewlop- 
m^nt in each class of forms. 
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From this illustration it may be seen that the chances for a weevil to 
reach maturity are greatest in hanging bolls, second in fallen bolls, third 
in hanging squares, and least among fallen squares. Starting with 
three hundred sta^s, distributed equally among the first three classes 
of forms, between 40 and 45 per cent may be expected to become adult, 
while an equal number of stages in fallen squares may probably yield ' 
not more than 10 per cent of adults. 

It is fortunate that under normal conditions a large majority of 
weevil stages develop in squares which fall to the ground. Because 
of this fact it is possible for the most important factors of natural con- 
trol to exert their greatest influence in checking the multiphcation of 
the weevils. Without the large degree of natural control, such as has 
been shown to have existed in 1906, the profitable production of cotton 
would, apparently, not be possible. Understanding something of the 
influence of these factors, as we now do, we can appreciate in some 
measure our indebtedness to them for making it possible to continue 
the cultm-e of cotton throughout the area which still, in spite of the 
damage actually done by the weevil, produces more than one-third of 
the annual crop in the United States. We can appreciate also the 
importance of following such methods in the culture of cotton as are 
found to promote in the greatest degree the efficiency of any factor in 
the natural control of the weevil. 
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SUIOUJIT AND COHCLTTSIOH8. 



If there be a fair aiuount of moisture in the soil up to the time squares 
b^^ to form, and there then ensues a period of from four to six weeks 
of hot dry weather, with mean average temperatures ranging from 75 
to 85 degrees F., itmay be expected that the weevils, though abundant 
theretofore, may be so eflfectively checked as to do little injury to the 
crop of that season. 

An entire season of extreme drought,' even without exceptionally 
higji temperatures, will greatly reduce the number of weevils, but the 
crop will be small because of the continued lack of moisture. This 
condition may show httle benefit from weevil control dming that sea- 
son, but will greatly favor the production of a large crop, if weather 
conditions be favorable, during the following season. The diflference in 
effect of a drought during squaring season alone and during the entire 
season lies in the widely different effect which those conditions exert 
upon the number of weevils developed in the fall, upon the food sup- 
ply available to the weevils until time for them to enter hibernation, 
and upon the shelter obtainable by the weevils during winter. In 
the former case many weevils may survive, in the latter few weevils 
will survive to attack the succeeding crop. 

Winter conditions of unusual severity with frequent low tempersr 
tures and much rainfall have a beneficial effect by reducing the num- 
ber of weevils surviving hibernation and by preventing the survival 
of old cotton roots. 

By cultural pfactices it is possible to secure regularly as great 
reduction in weevil injury during the following season as occurs 
occasionally after winters of extreme severity. 

Defoliation of cotton by the cotton leaf Worms, if thorough and 
repeated, may be a very important factor in reducing the number of 
weevils in a field which may enter hibernation, or which are likely 
to survive. The planter can usually secure regularly much of the 
good effect of irregular leaf worm defoliations by destroying the 
cotton stalks early in the fall. 

Fallen forms contain fully 70 per cent of the weevil stages develop- 
ing in a field. These stages are exposed to the most effective action 
of heat and of ant attack. Only in case of the fallen forms is it pos- 
sible to vary cultural practice so as to increase the effectiveness of 
these factors. The mortality occurring in fallen forms is fully four 
times as effective in controlling the weevil as is that in hanging forms. 

Less than one-half of all the weevil stages were still alive when 
found. If these had been allowed to remain undisturbed, under the 
continued influence of the three factors of natural control studied, it 
ia very probable that the total mortality resulting would finally have 
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amounted to fully 70 per cent. From 10 to 15 per cent of mortality 
occurred from other causes than those given in the tables. 

All factors of natural control seem to operate more effectively 
against weevil stages in squares than against those in bolls. Ants and 
heat or drying are the most important factors in each class. In bolls 
about two-thirds of the st^es found were alive, while in squares 
but two-fifths were living. 

The data used in this bulletin include examinations in twenty- 
eight localities, in several fields in each locality, and in seventeen 
places examinations upon from two to nine dates between June 15 
and October 15, 1906. More than 86,000 forms were examined and 
39,000 weevil stages were found. 

Nearly all of the eleven localities having an average total mortality 
above the averse for the twenty-eight localities examined are situ- 
ated south of the center of cotton production in Texas. 

Ants of the species Solenopsis geminata are more important in the 
summer control of the weevil than are heat and parasites combiiied. 

The effectiveness of heat from sunshine is largely influenced by 
spacing of plants, which should be wide for best results, and by the 
coincident dryness of soil or atmosphere. The mortality from heat 
in two groups of localities having almost identical mean maximum 
temperatures varies as widely as between 7 and 27 per cent. Exact 
reasons for this great difference are not apparent. Average climatic 
variations do not appear to produce a corresponding variation in the 
average mortality of weevil stages. 

Ants seem to enter only forma containing living stages of the 
weevil. Variations in mortality from ant attack may be due to vary- 
ing abundance of the ants in different fields or localities. Their 
activity is evidently influenced by climatic conditions and may also 
be affected somewliat by cultural conditions. 

All parasites attacking the weevil have other hosts. Parasite 
attack is much greater in lianging than it is in fallen fonns. The 
abundance of parasites seems to depend largely upon the proximity 
of some other plant than cotton in which their usual hosts abound. 
Their attack upon the boll weevil ia a promising adaptation to a new 
host and may increase in effectiveness. 

Climatic and cultural conditions seem to have been less influential in 
producing the three highest percentages of mortality than were the 
ants alone. 

The highest mortality from heat or drying was found at Corpus 
Christi, Tex., in coincidence with comparatively low average max- 
imum and average mean temperatures, but after an exceptional 
drought extending over some eight or ten weeks. This occurred 
also in a well-tilled field where not more than one-half of the ground 
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The proportion of clear to cloudy days and the relative rainfall 
seem to influence in considerable degree the effectiveness of high 
temperatures. 

Comparison of mortality records in localities infested for not 
more than two years with those in localities infested for from three 
to ten years shows a total mortaUty averaging about 10 per cent 
greater in the section longer infested. This increase was due princi- 
pally to the greater effectiveness of heat and parasites, while in the 
recently infested area ants were exceptionally effective. The princi- 
pal reasons for these differences were probably the more moist cli- 
mate and the more abxmdant ant, distribution in the recently infested 
area. 

Newly 70 per cent of all mortality found from heat or drying 
occurred during the larval stage. The ratio of mortality percent- 
^es in each weevil stage from heat is: Adult 1, pupa 3, larva 9. 
An early shedding of infested forms is very desirable. 

Whatever spacing may have been found advisable where weevils 
were not present, these records prove the general soundness of the 
recommendation for increasing the space allowed each plant where 
the weevils are abundant. Central Texas shows the tdgh avera^ 
mortality of 21.8 per cent by parasites in hanging squares, 8.4 per 
cent in hanging bolls, and 5.7 per cent in fallen squares. Owing 
to the small number of observations made in southwestern Texas, 
western Louisiana should really be ranked first, with 39.4 in average 
percentage of total mortality among hanging dried bolls, while cen- 
tral Texas is second, with 28.8 per cent. Among hanging dried 
squares central Texas stands first, with 65.4, and Western Louisiana 
second, with 61.3 per cent. Among fallen bolls eastern Texas ranks 
first, with 50 per cent mortality, and western Louisiana second, 
with 33.4 per cent. In eastern Texas alone did the number of faUen 
- bolls examined exceed the number of fallen squares. Among fallen 
squares southern Texas has a long lead in t©tal mortality, with 70.7 
per cent, as compared with central Texas, with 50 per cent. The 
high percentage found in this class is based upon much the latest 
series of examinations made for any class in any section, and the 
figures are therefore exceptionally reliable and significant. 

In degree of benefit from natural control, the six groups of locali- 
ties rank as follows in average percentage of total mortality 

For cent. 

Southern Texas 62. 6 

Central Texas 45. 5 

Western Louisiana 43. 2 

Eastern Texas il.l 

Northeaatem Texas •. 31. 9 

Southwestern Texas 26. 
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In examination of about 11,000 fallen forms collected between 
August 10 and August 31, 1905, 25 per cent were squares and 75 per 
cent were small bolls. The proportion between these. forms varies 
greatly with the stage of growth in each field. In the examination 
of 62,593 fallen forms collected between June 15 and October 15, 
1906, 64 per cent were squares and 36 per cent bolls. Among 24,363 
hangii^ forms examined in 1906, 28.6 fwr cent were squares and 71 .4 
per cent bolls. 

In a test of the effect of hand picking of infested fallen forms in 
1905, it is probable that between 34,000 and 42,500 adult weevils 
were thereby prevented from emerging upon an area of 8 acres. In 
Spite of this large destruction of weevils, the increased yield of seed 
cotton upon the test area averaged onlj' about 60 pounds per acre 
as compared with a check area of similar size. This shows the tre- 
mendous importance and effectiveness of natural control, which 
frequently produces much greater increases in yield than 50 pounds 
of seed cotton per acre. 

In the examination of 11,000 forms from Louisiana in 1906, only 
44 per cent were found to contain a weevil stage. The balance of 
56 per cent included many which had been injured by feeding of the 
weevils. Among the bolls 30 per cent and among squares 60 per 
cent contained some stage of a weevil. Probably few of the 
remainder of the squares had escaped some form of weevil attack, 
but a large proportion of the 70 per cent of bolls perished without 
any injury by the boll weevil. 

In examinations of forms collected in Texas in 1906 among more 
than 14,000 dried, hanging bolls, hardly 25 per cent showed any 
st^e of the weevil; among over 20,000 fallen bolls only IS per cent 
had any stage; among 5,600 hanging dried sq\iares nearly 60 per 
cent and among m,ore than 36,000 fallen squares slightly over 60 
per cent contained a weevil stage. Practically two-thirds of all 
weevil stages found in Texas were in the fallen squares. 

The proportion among 100 weevil stages starting in each one of the 
four classes of forms which may be reasonably expected to reach 
maturity and emei^ is as follows: Hanging dried bolls, 55; fallen 
bolls, 50; hanging dried squares, 20; fallen squares, 10. 

Evidently we are indebted in a very large degree to the effectiveness 
. of natural control for the possibility of continuing cotton production. 
Such qultural methods should l)e followed as shall exert the strongest 
influence upon hastenmg the maturity and increasing the yield of 
the crop. In addition to this, such cultural methods should be 
followed as will promote the highest efficiency of the factors in this 
natural control of the Mexican cotton boll weevil. 
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PREFACE. 



The boll weevil has been present in the United States for fourteen 
years. At this time it is doing serious damage to cotton in four 
States, and during the present season undoubtedly will invade a fifth. 
In regions hke Central America, where the insect has existed for 
many years, there are various influences that, serve to bold it in 
check. In this country similar influences are beginning to be in 
evidence. Among the direct factors in the natural control of the 
boll weevil that are now at work are the following: Heat and dry- 
ness, the native ant Solenopsis gemijiata,'' winter temperatures, 
proliferation, parasites, defohation by the cotton leaf-worm, deter- 
minate growth, and birds. Of these, proliferation and birds have 
already received careful special attention, while the work of the 
native ant has received preliminary notice. The other factors have 
also been more or less discussed in the pubUcations of the Bureau 
of Entomology and elsewhere, and more extensive studies of certain 
ones will be discussed by Dr. W. E, Hinds in Bulletin No. 74 of this 
Bureau. 

While the work of parasites, discussed in this bulletin, is not at 
present one of the most important factors in the control of the boll 
weevil, the indications are clear that its importance will grow rapidly. 
Moreover, the matter has special interest for the reason that it is 
not unlikely that practical means may be devised to increase the work 
of the parasites. 

In the United States fifteen species of insects which seek the weevil 
in its immature stages are known. These insects have not been 
introduced artificially from other countries, nor have they followed 
the boll weevil into this country. They have all been present for 
years, and have been actively parasitic upon other species of weevils 
found within the boll-weevil-infested territory. In fact, there are 
a great many closely related weevils of the genus Anthonomus, some 
of which are very common in parts of the cotton belt. These weevils 
are frequently held completely in control by parasites, and for the 
most part the parasites are not confined to the attack of a single 
species of weevil. In many cases the boll weevil may appear in a 
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region in which the parasites have reached the critical point of 
maximum parasitism, and in such cases the overflow of parasites 
must attack some other host, which naturally will be the predominant 
insect of the same group as their former host. It is therefore not 
at all surprising that when the boll weevil appears by miUions in a 
new region these same parasites in the very first generation of the 
boll weevil become adapted to it as a new host. 

The distribution of the other species of weevils is hmited to floral 
or geographical regions, and consequently, to a less extent, the para- 
sites are also limited. This condition is illustrated by the distribu- 
tion of the species of parasites which have already attacked the boll 
weevil. It is safe to say that as the pest advances to the East and 
North still other insects will adopt it as their host in the same meas- 
ure as it invades regions inhabited by other species of weevils. In 
many transitional regions there is a strong possibility that several 
species of weevils may be very highly parasitized and that all of them 
will lend parasites to the attack of the boll weevil. In such regions 
especially there are to be expected instances of very high percentages 
of parasitism. At Waco, Tex., where two regions border upon each 
other, a parasitism of over 40 per cent occurred at one time during 
the season of 1906. 

There are two possible practical apphcations of the information 
obtained and recorded in this bulletin, both, however, requiring ex- 
pert entomological knowledge and experience. These are: (1) The 
propagation and collection of parasites, and their distribution in re- 
gions where the same species are either present in but small numbers 
or altogether absent, and (2) the ehmination of related weevils by the 
destruction of their food plants in or about cotton flelds, thereby 
forcing the parasites to transfer their attention to the boll weevil. 

Under the plan of artificial propagation by picking large numbers 
of squares in fields where the weevil is highly parasitized and placing 
them in cages adapted for such breeding, a large number of parasites 
might be obtained. The weevils should then be killed. These para- 
sites could be released in fields with a low percentage of parasit- 
ism, and the results under favorable conditions should be apparent 
after one generation of the boll weevil. In this bulletin will be found 
an accoimt of an apparently very successful experiment of this kind, 
in which, at Dallas, Tex., the percentage of parasitism was brought 
up 9.1 per cent by the introductions of parasites from Waco, about 
100 miles away. 

Under the plan of eliminating, more or less, the natural hosts of 
parasites that will attack the boll weevil (by the destruction of their 
food plants) no experiments have yet been performed. As an exam- 
ple of the possibilities, however, it may be mentioned that there is a 
common but easily controlled weed ( Croton spp.) grown in and about 



cotton fields throughout the South the seed pods of which are iof eated 
by a weevil (ATUhonomus albopiJosus) closely alUed to the boll weevil. 
This weevil has three different parasites, which also attack the boll 
weevil. The croton weevil does not feed upon cotton or any other 
cultivated plants. By merely mowing down or otherwise removing 
the croton plants at the proper time there could be no danger from 
the croton weevil, while ita parasites would be forced to turn their 
attention to the boll weevil. It is conceivable that the encourage- 
ment of the croton plants or the actual planting and later removal 
might be imdertaken in order to obtain the beat possible results. 

Other results of practical application are recorded in this bulletin. 
Among them may be mentioned the fact that fallen forms exposed 
to the sim show higher parasitism than those shaded, due undoubt- 
edly to the light-loving character of the parasites. This gives another 
reason for the wide spacing of the plants and the use of varieties of 
cotton with the minimum tendency to form leafage and the greatest 
tenden<ry to shed their leaves in the fall. 

W. D. Hunter, 
In Charge of Cotton BoU WeevU Investigations. 
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STUDIES OF PARASITES OF THE COTTON 
BOLL WEEVIL. 



INTBODTrCTION. 

Although the boll weevil (AnihoTiomus grandis Boh.) has shown 
adaptation to many diverse conditions, it is not free from parasites. 
From the work detailed in this bulletin it has become apparent that 
certain enemies attack it in arid regions and certain others in humid 
regions; that some species attack principally larvse in dried or sun- 
exposed forms, while other species attack the weevil stages in moist, 
decaying forms; that some species work most readily in prairie 
coimtry, while others prefer woodland. The weevil does not escape 
parasitism by dispersion, for the local parasites are capable of 
adaptation and attack the boll weevil in its first generation. 

Being a species with an all-season food plant, Anihonomus grandis 
has made a decisive gain over most of its near relatives, which are 
confined to more or less limited periods because of the shorter sea- 
sons of their host plants. The most active weevil parasites in 
the South have become adjusted to one host after another imtil in 
most localities they have a regular seasonal rotation of hosts. From 
this multiplicity of parasitic relations it is but natural to evolve a 
new tendency and to attack the most abundant species of the locality, 
namely, the boll weevil. 

As the native weevil hosts are more or less limited in distribution, 
it is foimd that the boll-weevil parasites are likewise geographically 
restricted. The combined activity of two or more species in certain 
favored districts has been the cause of forming three known centers 
of intensive parasitism in Texas, of which the most important is 
near Waco; the next around Goliad, Cuero, and Victoria, and the 
third in eastern Texas. The agencies forming these centers are in 
no case identical. Catolaccvs incertus is the most active parasite at 
Brownsville, Tex., and Orange, La. Bracon meUitor (fig. 1), which is 
the predominant parasite for the entire infested area, is the most 
active in the entire western half of Texas. Cerambycolius cyaniceps 
is predominant in northeastern Texas.' Eurytoma tyhdermatis shows 
its greatest activity at Overton and Dallas. 



PARASITES OP THE COTTON BOLL WEEVIL. 



Prior to the year 1906 very little information concerning the para- 
aites of the boll weevil had been accumulated. In 1895 To\vnsend 
mentioned a small hymen- 
opterous parasite; also re- 
corded the suspicious oc- 
currence of several species 
of Scymnus in the squares, 
and mentioned that a fun- 
goid parasite, a species of 
Cordyceps, "was found 
growing out of a dead pupa 
in its cell in a boll, Novem- 
ber 26, in a field in San 
Juan AUende, Mexico." 
(Townsend, 1895.)" In 
1896 Doctor Howard 
stated that the parasites 
were only abundant late 

FiQ. i.-firawn meUtor, parasite of boll weevil. Muob jn the fall and that from 

15 to 20 per cent or the 
weevil larvse in fallen squares in November at Beeville and Kenedy 
were destroyed by parasites," 
(Howard, 1897.) 

In 1901 Professor Herrera 
published a preliminary note 
concerning Pedicuhides verv- 
tricosus Newp. (fig. 2) (Ran- 
ge], 1901b, p. 206), and in the 
same year a more extensive 
note on the work of this mite 
was published by Rangel. In 
testing the mite's ability to 
propagate, 250 squares were 
divided into lots of 50 each 
^md an infested larva placed 
with each lot for four days. 
One hundred check squares 
were used. At the time of 
examination the check squares 
were free from the mites, while 
the others contained 193 wee- 
vil stages, of which 61 were 
attacked by Pediculoides; in other words, 31.6 per cent were parasit- 

— i < . oo>i, \ \: 
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ized. A small field test proved that the mites increased and spread 
(Rangel, 1901c). 

In 1902 Dr. Wm. H. Ashmead described ^ruchopkagus herrerx, 
from Coahuila, Mexico, aa a primary parasite of the boll weevil (Ash- 
mead, 1902). In the same year Prof. F. W. Mally recorded the 
fact that Bracon meUitor Say and Cerambycobiua {Eupclmiis) cyani- 
ceps Ashm. had, since 1899, been bred by him in considerable num- 
bers from the weevil. He also recorded a species of Eurytoma 
(Mally, 1902). In 1904 Hunter and Hinds recorded additional pri- 
ratiry p&Todtea as follows iSigalphuscurculionis Fitch (fig.3), Oatola^cus 
iTicertus Ashm., UrosigalpJius (robuatue Ashm.), Bracon {dorsator Say), 
and Eurytoma tyhdermatis 
Ashm., as well as an ento- 
mogenous fungus, AspergH- 
hi8 sp. (Hunter and Hinds, 
1904, pp. 104-110). The 
determination of this Uro- 
sigalphus has been foimd 
incorrect. It has just been 
described as Vrosigalphus 
anthonami Cwfd. (Crawford, 
1907a). The form known 
under the name of Bracon 
dorsator is merely a small, 
melanistic, fall form of Bracon msllitor Say. Finally, Banks has 
described a mite, Tyroglyphus hreviceps, collected at Victoria, Tex., 
from boll weevil larvse (Banks, 1906, p. 17). 

THE WOBK ON FASASITES IN 1906. 

As the work of the year naturally divided itself into distinct sec- 
tions, it may be thus divided for treatment in this report : 

I. Examination work — ascertaining tlie general fitatua of boll weevil paraaitism. 
II. Propagation work— attempting t« increase the percentage of parasitiBm by 
release of parasites. 

III. Breeding work — study of the biology of the parasit«a. 

IV. Source work — study of the surrounding field conditions in order to ascertain 

the hosts which have contributed the parasites, and to learn the biology of 
each of these hosts. 
V. Conclusions — a review of the situation as a whole. 



I. Examination Work. 

In order to arrive at a proper knowledge of the status of boll 
weevil parasitism large collections of infested squares and bolls 
under various plant and field conditions were made in many parts . 
of the weevil territory. This material was immediately shipped to 
Uie laboratory and examined by the various members of the labora- 
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tory force. Messrs. Hinds, Bishopp, Crawford, Cushman, Jonea, 
Morgan, Pratt, and Yothers were engaged at various times in the 
collection of infested material and the more important work of 
examination. Upon their accuracy of observation the finding of 
the parasites was dependent, and to them belongs credit for tlie 
amount of %ures herewith presented relating to the percentage of 
parasitism. A careful tabulated record was kept of all stages of 
the weevil, alive or dead, and all parasites were isolated in tubes. 
Each collecting lot received a number and each individual a siib- 
number, and its stage and the nature of its parasitism were recorded. 
As each parasite matured the record was placed opposite its number, 
and the insect was either used in experiments or laid aside for tHe 
collection. In this manner there could seldom be an error as to the 
nature of the parasitism, as all evidence was in the tube. 

RECORDS PRIOR TO 1906. 

In previous years no regular method of making the parasite rec- 
ords was in use, and consequently there is difficulty in the comparison 
of the former conditions with those now prevalent. In some cases 
the percentage was obtained from the breeding records only, and 
at other times by an examination for the total nimiber of stages 
present. 

In 1902 three observations were made between July 31 and August 
11 at Calvert, Guadalupe, (ind Victoria. The figures obtained 
included only bred st^es, omitting consideration of stages killed by 
heat, fungi, ants, crushing, etc. 

In 1903 Dr. A. W. Morrill first pointed out in his notes that para- 
sites occur in dry hanging forms," and also in bolls. No other 
mention of the former condition can be found prior to 1906. Only 
two observations were made, both being at Victoria, in June. 

In 1905 four examinations of bolls were made during March, at 
Calvert, Palestine, Runge, and Victoria,, in order to ascertain the 
condition of hibernating stages. These examinations consider the 
total number of stages found hibernating in the bolls. The figm^s 
are important, as they prove that the parasites also hibernate in bolls. 

During August of the same year nine examinations were made at 
Gurley, Quinlan, Victoria, and Waco, These figures were obtained 
from fallen forms and included the total number of stages in the 
forms. 

In 1902 and 1903 the figures obtained must give a higher per- 
centage of parasitism than actually occurred, as no accountwas taken 
. of the stages dead from other causes. It is also very unsatisfactory 
to take the entire percentage of parasitism in all forms on account 
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of the differences which prevail between squares and bolls and 
between fallen and hanging squares or bolls. However, taking the 
figures as they are, we have the following results: 

Table I. — Total percentage of parasitiim of the boll ireevil, by yean, prioT to 1906. 



Year 


M„.., 


1 Weevil 
1 «ageB. 


Pareaitea. 

8 
32 




iBte 




001 

1,009 
1,702 




Z-: 













Ib 1905 some of the records differentiated between squares and 
boHs, so that a comparison may be given between the percentages 
of parasitism in each. 

Table II. — Percentage of paratitism of the boll mecvil in fallen forms at Gurley, Quinlan, 
Vietoria, and Waco, Tex., in 1905. 



1 ir 


Para«iU». ■ olpa^ 


SOUKi™ ' 


17 ' IM 











BREEDIKU RECORDS OF 1906. 

Although the work of 1906 was very incomplete in some respects, 
it is representative of the conditions. The facts have been ascer- 
tained one at a time, and as each one has been proved, it has been 
Found that more complete records should have been taken earlier in 
the season. The material was collected at 25 representative locali- 
ties in Texas, 2 in Indian Territory, and 5 in Louisiana. Seventy 
collections of infested forms were made, comprising about 87,000 
bolls and squares. The result is that these infested forms contained 
39,183 weevil st^es, of which 1,689, or 4.31 per cent, were para- 
^tized. The material collected was separated into lots, according to 
location and the nature of the forms. 

A brief classification of the results, by months and by the four 
plant conditions, gives some very important information. In the 
first place, the percentage of parasitism is, to all intents and pur- 
poses, about equal throughout the season and not highest in the fall. 
It must, of course, be borne in mind that the collections were not 
made at regular intervals at stated places, but are from different 
localities each month and include different factors. During Sep- 
tember and October a number of locahties on the extreme border 
line were examined, but the percentage is not appreciably altered. 
The plant conditions were altered also, so that one month there 
might be more squares than bolls, and another month more bolls than 
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squares, examined. A correct view of the monthly variation may be 
obtained by an examination of the complete tables of observations, 
which are given on succeeding pages. It will be noticed in that con- 
nection that there is no graduated seasonal wave of parasitism. 
Other and still unknown factors enter into the problem. 

The following summary also discloses the fact that hanging forms 
provide conditions superior to those afforded by fallen forms, and 
that squares are more favorable than bolls. 

Finally, it appears by comparison with the table of results for pre- 
vious yeM^ that there has been a gain in the total percentage of 
parasitism as well aa in the two classes of forms. 



Table lU.—Percentag 


of ■paraxitiitm of the boll weevil, by months 


in 1906. 






T^^u.r^. 


Hanging 


Fallen bolls. 


"ai' 


Total. 


Month. 


1 


i 
! 


1 




1 

348 



1 


1 


1 

1 


1 


1 


i 

1 


i 

1 


1 


J 


1 


,™..'.'^ 




17- 




%7 
2,97; 

' 20 


11.71 


IS 


.80 


2,92; 


11 


3,S3l 
1^27! 


111 












sr; 


4.79 






Entire season.. 


»,«. 


"• 


3.20 


5,123 


Ml 


.0.6« 


4,307 


" 


1.02 


'■"' 


"1 •-» 


39,1R3 


.,«. 


4.ai 



The observations for June were made only at Victoria; those for 
October were made at Dallas for hanging forms and at Mineola for 
fallen forma. 

Owing to the extensiveness of the tables the figures are consider- 
ably condensed, but still retain the value of their records. Numerous 
cases of high parasitism were found, of which the following may be 
cited as notable examples: 

Number ol Per cent 
stages, paraaltlied. 

Fallen aquares: 

Roosevelt, Tex. .a September 24 69 14. 4 

Brownsville, Tex.," September 5 1, 147 12. 4 

Hanging Bquares; 

Waco, Tex., July 26 99 52.6 

Waco, Tex., September 20 109 23. 8 

Cuero, Tex., August 31 - 347 21.3 

Fallen bolla: 

Corsicana, Tex., September 18 34 5.9 

Junction, Tex., September 24 _ 17 5. 8 

Hanging bolls: 

Marshall, Tex., August 22 52 13.5 

Trinity, Tex., August 9 142 12.0 

Waco, Tex., September 20 303 11.8 

a In both ol these locttlitiea folleu squatee would naturally be dry, 
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Numerous other high percentages were found, but these will coDr 
vey an impression as to the promises of success obtained. 

In the table herewith presented only the totals for each loc^ty 
are ^ven, and in more specific tables the seasonal variation at given 
localities will be recorded separately. 



Tablb IV.— Moet/ai 


orabU plant. amditicm»/or paratUi*m of the boll leeevil. 
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1,<2 

33 

9 
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2,997 
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1,888 
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1 
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216 
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i 
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20 
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The records from only five points extend into three months^iattd 
these may be taken as indicative of the seasonal variation at a gives 
locality. 



16 PARASITES OF THE COTTON BOLL WEEVIL. 

Table V. — Parimtifmof Iht boll weevil in faliea»qu,aTet, BrawnavilU, Tex. 
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Table YK..-— PoTOgitiiinof ike boll wecril in hangiTigfarTtm, Dallat, Tex. 
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The only one of these tables in which there appears any definite 
progression is the Victoria table, in which there is a regular increase 
of percentage throughout the last half of June. 



In order to arrive at an explanation for the obviously irregular 
conditions of parasitism, the figures have also been rearranged 
according to field conditions. It was found that generally hanging 
forms in wooded or cleared country were more highly parasitized 
than those on prairie land. The only definite comparisons which 
could be found were as follows: 

Tablb X, — Penxntage of paragitism of Ike boll weevil in /ortm in ivoodtand and on 
prairie. 
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Stages in fallen forma on prairie land were found to have a higher 
general percentage of parasitism than those in woodland, although 
the definite case of Gohad gives a different condition. It is only nec- 
essary to quote the highest percentages reached in each condition to 
give support to these statements. 

The highest percentage in hanging forms on woodland was 42.6. 

The highest percentage in fallen forms on woodland was 8.3. 

The highest percentage in hanging forms on prairie was 14.6. 

The highest percentage in fallen forms on prairie was 10.1. 

Considerable contradictory matter was brought out in comparing 
the parasitism in fallen forms in shade and in those exposed to the 
sun. The weight of evidence supports the statement that those fallen 
and exposed to simlight are more highly parasitized than those which 
fall on moist shaded soil. Only five definite comparisons can be 
presented to show the irregularities which exist. 

Table XI. — Panititimn of the boll weevil in fallen form* in tun and abode. 
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The highest percent^es obtained in each class are as follows: 

In shade on woodland 8.7 

In mm on woodland 8.3 

In shade of plants on prairie 8.2 

In sun on prairie 10. 1 

Should further inquiry prove that sun-dried squares are the most 
highly parasitized, another reason is presented for wide rows. 



By far the most important facts established by the table of per- 
cent^e of parasitism (Table IV) were elicited by using the geograph- 
ical map of Texas, published in the census of 1880, as a base. 

I. The alluvial prairie of the Rio Grande is represented by Browns- 
ville with an average percentage of parasitism in all forms of 6.1, 

II. The coast prairie is represented by Corpus Christi with 8.5 per 
cent, Goliad with 8.0 per cent, Cuero with 5.5 per cent, and Victoria 
with 3.7 per cent. 

III. The EMwards plateau is represented by Junction with 8.2 per 
cent, Roosevelt with 6.9 per cent, and 16 miles south of Roosevelt 
with 2.2 per cent. This latter case was a farm with very rank growth 
of cotton, from which shaded squares were picked on the ground. 
The weevil had not been present long. 

IV. The black prairie is represented by Kerrville with 3.3 per cent, 
Taylor with 2.6 per cent, Corsicana (IVb) with 6.0 per cent, and 
Dallas with 5.1 per cent. 

V. The cross timbers are represented by Waco with 11.4 per cent. 

VI. The eastern hardwoods are represented on the south by 
Beeville with 1.2 per cent, Hallettsville with 2,8 per cent, each at the 
tip of an extension of this region, and by Calvert with 2.1 per cent, 
Palestine 3.7 per cent, Mneola 2,0 per cent, Overton 1,9 per cent, 
Marshall 8,0 per cent, Mansfield, La., 2.9 per cent, Many, La., 3.8 
per cent. Marshall is probably represented by a field on a red-land 
knoll, which would account for the discrepancy, 

VII. The eastern pine countrj' is represented by Trinity with 2.4 
per cent, and Orange, La., with 0.9 per cent. Trinity is in a transi- 
tional region of pines and hardwoods, but seems to belong more 
typically to the hardwood region. 

It will be readily observed that regions I, II, III, V, with Corsicana 
in rVb, which really belongs to the brown loam r^on in the eastern 
hardwoods, and Marshall in VI, which belongs to the red-land areas 
of the eastern hardwoods, are the most highly parasitized, while the 
r^ons rV, VI, and VII are the lowest parasitized. 

The map on the opposite page (fig. 4) is presented to illustrate these 
statements. 

While it may be merely a coincidence that the places in the same 
belt have about the same proportion of parasitism, it is nevertheless 
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worthy of some attention. It is undoubtedly true that each of 
these floral regions is also a distinct subfaunal region. It may there- 
fore be expected that different weevils will exist in the different 
belts and different parasites operate upon these weevils. Some 
of these parasites may be able more readily than others to adopt 
the boll weevil as a host, or in certain regions there may be more 
species of parasites capable of doing this. In the discussion of the 
geographical distribution of the parasites more light will be thrown 
upon this question. 
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Fig. 4.— Map ol Texai, divided into geographical regions and iJustratlng average percentage olpara- 
Utlam of the botl weevil In all cotton forma: I. alluvial pr&lilei II, coast prairie: HI. Edwards 
Plateau; IV, black pralrte; I Vt, brown loam prairie; V.crosatimberBi VI, oak, lilckor7,andplnfl; 
VII. pines. (Original.) 



That there should be some definite relation between the percent- 
age of infestation and the percent^e of parasitism was expected, 
on the ground that a condition favorable to the weevil should be 
favorable to the parasites. It was, of course, conceded that climate 
would be another agency to figure in the question. The year's 
work is deficient in that coordinate examinations of infestations and 
parasitism were not taken. In another year this will be necessary 
in order to show whether the parasites are reducing the infestation. 

At present no relation can be found between parasitism and infesta- 
tion or climatolc^, Beeville, Goliad, and Victoria have a mean 
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annual temperature of 70° and a precipitation of 30 inches. At 
Beeville the average percentage of parasitism in fallen squares -was 
1.3 per cent, at Goliad 8.5 per cent, at Victoria 3 per cent. This 
condition occurs throughout the entire State. At Calvert the per- 
cent^e of infestation of squares on August 28 was 55.6 per cent and 
at Goliad it was 20.9 per cent, and yet the average percentage of 
parasitism in fallen squares at Calvert was 1.4 per cent and Goliad 
"8.5 per cent. A reverse condition may be cited as follows: At 
Cuero the percentage of infestation of squares on August 28 was 
74 per cent and at Victoria it was 32,7 per cent, and the average per- 
centage of parasitism in hanging squares at Cuero was 19.9 per cent 
ftnd at Victoria 10.2 per cent. Table XII gives in detail the irregu- 
larity displayed between these three factors. 
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The boll weevil has been present in the United States mnce 1892. 
Ye^ by year it has extended its ravages, although during the sum- 
mer of 1896 and the winter of 1904-5 it received severe setbacks. 
Its territory now extends into four States, and in three of these 
observations as to parasitism were made. Several examinations 
were made immediately after the dispersion of August in newly 
infested fields, and at Minden, La., it was actually found that para~ 
sitization had commenced within two weeks of the weevil's arrival. 
The parasites do not follow the weevil; they are already present and 
native to the country invaded. Thus it is that in some parts of 
Texas where the weevil has been present ten or more years the 
parasites have not as great a hold as they have at Waco, which has 
only had it four years. There are probably more sources for para- 
sites at Waco than at other points. 

Tablb XIII. — Weevil chronohgy and paratititm. 
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A few points of practical importance have been deduced from the 
foregoing general tables. t.OOQiC 
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1, Inasmuch aa the parasites are known to attack the weevil in 
its first generation in a newly infested locality, it may be expected 
that by releasing the proper parasites in a given locality the per- 
centage of parasitism may be increased in a very short time. Such 
a case was actually obtained by the release of Bracon meUitor at 
Dallas, as described in the section on propagation. 

2. Dryness and sunlight assist attack by the chalcidoid and bra- 
conid parasites of the weevil, as proved by the following considera- 
tions: (It is, of course, to be understood that this conclusion may hold 
only for those species and regions studied. In fact two or three of 
the minor species, such as tlie tachinids, give promise of doing most 
favorable work under directly opposite conditions in regions so far 
unstudied.) 

a. St^es in hanging forms are, as a rule, parasitized to a higher 
degree than those in fallen forms. 

b. Stages in fallen forms on prairie land are generally more highly 
parasitized than those in wooded country, although frequently hang- 
ing forms in wooded country are more highly parasitized than those 
in prairie land. 

c. Fallen and hanging forms on unshaded ground are more highly 
parasitized than those on shaded soil. 

These facts give an added importance to certain cultural methods 
already advocated, viz: 

a. That the rows should be far apart, in order to allow the sun to 
dry tlie squares on the ground. 

b. That determinate varieties should be planted in order to give 
additional heat and light for the parasites during the cooler autumn 
months. 

That, as indicated by the present studies, dryness seems to be a 
most favorable condition for attack by hymenopterous parasites is 
quite natural, as these delicate little insects are very fond of sunUght 
and warmth. 

11. Peopaqation Wobk. 

1. intehior woek — transfer or artificial propagation of 
parasites. 

It has not been a difficult matter to breed the parasites of the boll 
weevil. There have been used in this laboratory four distinct ' 
methods of obtaining parasites, all of which served the purpose for 
which they were used. In all cases where definite records of per- 
centage, length of st^es, or nature of parasitism were required 
there has been a careful examination of each form (square or boll), 
and those forms containing parasites, or sometimes only the para- 
site and its host, were placed in individual pill bottles, numbered, 
recorded, and placed in trays for daily observation. A somewhat 
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less exact method has heen to plac« a hmitecl niunber of squares in a 
tumbler on moist or dry soil in order to make the time of develop- 
ment more nearly normal. These tumblers were covered with 
cheese cloth and t^ged. 

When definite records were not requisite lai^ quantities of squares 
or bolls were placed in Riley breeding cages and the parasites were 
obtained in lai^er quantities with less mortality, which is frequently 
caused by rough handling in the closer examinations. Closed boxes 
with numerous tubes on one side, after the pattern of the parasite 
breeding c^es adopted by the California board of horticulture, 
were also used for small quantities of squares. These cages probably 
hasten development by increasing the heat and moisture. 

I^ere was, however, another problem which proved beyond solu- 
tion for this season. It may be described as the- effort to induce 
the parasites to attack the stages in forms placed in cages of various 
kinds. No positive results were obtained, but considerable experience 
was gained in the matter of breeding-cage technique. 

The first work was done with various kinds of glassware, closed 
with cheese cloth. As fast as males and females of the same species 
coidd be bred they were isolated in pairs and placed with a Umited 
number of infested squares. These squares were fresh, flared, or 
fallen, in order to test all conditions. 

Glass tumblers covered with cheese cloth proved too dark. When 
dry earth was placed in the tumbler or when there was no earth, the 
squares rapidly dried and became very hard, and the parasites 
quickly died. When moistened earth was used the squares quickly 
molded and the parasites were killed by the fungus. When a water 
reservoir was stmk in the earth the parasites drowned. 

When glass lamp chimneys were placed on clay saucers filled with 
moist soil there was plenty of fight and the material remained in 
good condition. The objection to this method is that the parasites 
can not be easily handled. 

Erlenmyer flasks gave plenty of light and were easy to handle as 
they have a small mouth, but they sweat profusely and the parasites 
were caught in the moisture on the glass. Blotters, absorbent 
cotton, and corks with large wire-covered openings failed to prevent 
the sweating, 

The last attempt on this line was with mica lamp chimneys such 
as are used with the ordinary incandescent gas burners. These 
were covered at both ends with cheese cloth. They are of light 
weight, give plenty of sunshine and sufficient circulation. For a 
small breeding cage they are very handy in many ways. But the 
parasites did not attack the weevil even in these cages. 

In all of the above types of cages the life of the parasite was 
hardly a day. In wire types of cages the parasites lived several 
days. In the following, several of each sex of the parasites were used. 
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The first type was a cubic cage made very easily by using strips of 
cork for the framework and fine meshed wire (known as 50 to the 
inch, but really 35 and 45 to the inch) for the sides. One side was 
fixed with two openings which were closed on the inside by a tin 
shutter. The lower opening was round, and in this a cork with a 
glass tube through it was placed before the shutter was raised. 
Thus the parasites, being attracted to light, could be quickly removed 
by darkening the sides and allowing the light to enter only through 
the tube. When the shutter was raised higher it exposed a lai^r 
opening through which material could be passed. 

With this first cage as a type various modifications were contrived, 
all with wire fronts, shutters of various kinds, and corked holes for 
the admission of a tube or for passing in small objects. Cigar boxes 
became the bases for these cages. 

Still another modification was a wire cylinder corked at one end 
and with a smaller cork centered in this for the removal of material. 
The other end was covered with cheese cloth. 

It was found impossible to provide plant conditions in a small 
c^;e unless the plant were actually transplanted or grown from 
seed. A branch of cotton withers so quickly that experiments of 
this sort were of no value. 

Both kinds of tubes were tested on the plants, but the mica tube 
caused a heavy sweat and killed the branch it was on; the wire tube 
was too heavy. All of the plants placed under the lai^e parasite- 
tight cages with glass sides died before results could be expected. 

2. FIELD WOKK — RELEASE OF PARASITES. 

The release of parasites in the field was not commenced untO 
September 12 on account of the small amount of material gathered 
prior to that date. Notwithstanding that fact the results give an 
indication of success. On the laboratory farm at the top of the hill 
there were released 35 parasites on September 12 and 38 on Septem- 
ber 15. These parasites were of three species. An examination of 
hanging forms was made in this part of the field and another down 
the hill at the opposite side and about 350 yards distant. At this 
time the check area ("B," fig. 5} showed 1.9 per cent higher para- 
sitism than the parasite area ("A," fig. 5). Twenty days later, on 
October 2, like examinations were made with the result that the 
percentages were reversed; "A" showed an increase of 2.6 per cent 
and "B" showed a decrease of 6.5 per cent; that is, "A" was 7.2 
per cent more highly parasitized than "B" and showed a real gain 
in parasitism of 9.1 per cent. On October 6 this examination was 
followed by another, and, although the difference was less, "A" was 
3.9 per cent more highly parasitized than "B." Plat "A" was next 
to a fence and separated from another field of cotton by a road and a 
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high hedge of Ambrosia trifida with scattered Solanum roetnUum. 
As a further check on the experiment the nearest part of this field 
("D," fig. 5) was examined and proved to be parasitized by 2.1 per 
cent less than "A." On the contrary, the farther part of the field 
("K," fig. 5) showed 5.8 per cent higher parasitism than "A." The 
conclusion was that "E" and "D" did not inSuence "A." 

The results are given in Table XIV for the entire experiment, and 
also according to species. It is believed by the writer that it was the 
release of Bracon meUHor which accomplished the change. 

The evidence upon which this beUef is founded is both positive 
and negative. Bracon meUitor was not found breeding upon any 
other species of weevil in the vicinity, and yet the examinations 
showed an increase.of parasitization by this species in the "parasite 




area" opposed to a decrease in the "check area." Oatolaccus incer- 
tus, although released in large numbers, did not take hold at all, nor 
was it found breeding upon any other species of weevil in the vicinity. 
A few Oerambycohius cyaniceps were released, but the only trace of 
parasitization by this species was found in the original check. And 
yet this species was bred from lAxus musculus in the stems of Poly- 
gonum pemisylvanicum near by, and also from Trichobaris texana 
Lee, in the stems of Solanum rostratum adjacent to "A". No 
Eurytoma tyhdermatis were released, although this species was abun- 
dant throughout the field. It is known as a parasite of lAosus scro- 
bicoUis Boh., which breeds in Amhrosia trijlda stems. Immense 
numbers of this plant were growing along the road adjacent to "A." 
In order to show that plat "E," which was highly parasitized by 
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Bracon meUitor, did not influence the numbers of that species in "A," 
the fact may be cited that the higher percentage of Eurytoma tylo- 
dermalis in "E" evidently had no influence upon the presence of 
that species in "A," 

Table XIV. — RcUate of parantet oj ike boll weevil — Summary of all apedet. 
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Table XVl.^Releage and parasititm of Catolaceus ineertut. 
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of Cerambycobiui eyanieepi. 
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ni. Parasite Bbeeding Wobk. 

Four new primary parasites of the boll weevil have been bred this 
year, and several definite cases of predaeeous attack have been 
observed. There are now known 11 primary hymenopterous para- 
sites, 1 primary dipterous parasite, 2 acarid parasites (at least), 2 
coleopterous enemies, and 2 ant enemies which attack the weevil 
Btages in the cotton forms. They are as follows (insects which 
attack the adult weevils are omitted from the consideration) : 



Hymenoptera. 
Chalcidoidea. 
TorymidEe, Monodonlomeriiue. 

1. Microdontomerug anthonomi Owfd. (Texas). 
EurytomidEe. 

2. Eurytoma tylodernxatis AbIiih. (Mexico, Texas, Louisiana). 

3. BTuchophaguilterrerm kahta. (Mexico). 
EncyrtidsB, Eupelminte. 

4. Cerambycobitie q/ankepa Aahra. {Louisiana, Texas). 
Pteromalidse, Pteromalinfe. 

6. Cflfoloecits inceriMS Aahm. (Texas, Louisiana), i.. i-rii 



;,Googlc 



28 PARASITES OF THE COTTON BOLL WEEVIL. 

Hymenoptera — Conti n u ed . 
Ichneumonoidea. 
Braconidee, Sigalphinfe. 

6. Sigolphut cTireulumii Fitch (Texas). 

7. Urotigalphus (mthonomi Cwfd. (Texas, prolMibly Mexico), 

8. ITrogigalphut xehwarn Cwfd. (Guatemala). 
Braconinse. 

9. Braeon mellitor Say (Mexico, Texan). 

10. Braeon doTMfor Say (Texas). 

11. Umleteniiined braconid (Texas). 
Diptera. 

Tachinidie. 

12. Myiopha»ia seitea Wied. (Texas, Iioiiisiana). 
Acarina. 

13. Palieuloidet veiUrux>»us Newp. (Mexico). 

14. Tyroglyphiu bretricepa Banks (Texaa). 

PBEDACBOUa BNEMIES. 

Coleoptera. 
Cleridte. 

15. Hydnotera pubeteem Lee. (Texas, Louisiana). 
Cucujidte. 

16. Cathartui OMwas Reiche (Texas). 
flymenoptera. 

Formicoidea. 
Mynuicide, Myrmicinse. 

17. SoUnopns geminala Fab, (Guatemala, Texas, Louisiana). 
Formicidee, Formicinse. 

18. Formicafaica mhpolita perpiloea (Mexico). 



Hymenoptera. 

MicrodonUnnerua anihonomi Cwfd.j 

Eiaytoma lylodentudis Aahm. lAccidental on Srwon mellitor Say. 

Cerambycobiii^ q/anicept Aahm. I 



Hymenoptera, 

Catolacciii arUhtmtnni Aahm. (Texas). 
Two Hpeciea of entomogenous fungi, Aspergillu) sp. and Cordycept sp., have been 
recorded as probably parasites of boll-weevil larvse. 

OCCURRENCE OB' 3PECIES. 

1. MicTodontom&'%s anihoTiomi Cvi6..'' This species was collected as 
follows: Goliad, Tex., September 3, 1906, 1 bred from Braeon mellitor 
cocoon; Cuero, Tex., August 31, 1906, 1 bred from Braeon TneUitor 
cocoon; Hallettsville, Tex., August 30, 1906, 4 females, primary para- 
sites upon A. gmndis; Waco, Tex., August 28, 1906, 2 females, pri- 
mary parasites upon A. grandis; Waco, Tex., August 29, 1906, 1 
male, 3 females, primary parasites upon A. grandis; Waco, Tex. 
August 29, 1906, 1 male, bred from Braeon meUitar cocoon. 

"Crawford, 1907a, b. ,,, , ,, nXiOOQlC ■ 
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The range of the Microdontomenis is evidently western. Twenty- 
three per cent were secondary parasites. 

2. Eurytoma tyloderTtioHa Aahm. This species, while not veryimpor- 
tant in any part of the State, is very well distributed. It was recorded 
continuously after July 12, 1906. Specimens were bred from mate- 
rial collected at Beeville, Brownsville, Calvert, Cuero, Dallas, Goliad, 
HallettsTllle, Overton, Palestine, Trinity, Victoria, and Waco, Tex., 
and at Mansfield and Many, La, No records were obtained from 
Corpus Christi, Corsicana, Junction, Kerrville, Lula, Marshall, Mine- 
ola, and Taylor, Tex.; nor from Orange, La. Specimens were sent in 
by Prof. A. L. Herrera from Allende, Coahuila, Mexico, with the note 
that it was abundant at that place. 

3. Bruckophagus herrerx Ashm. This parasite has not been taken 
in the United States. It was described from Coahuila, Mexico, 

4. Cerambycobius cyaniceps Ashm. This parasite has been taken 
at all points investigated except those in the Edwards Plateau region. 

5. (htolaceus incertus Ashm, This parasite has not been taken at 
Overton or Marshall in northeastern Texas, but is conunon at all other 
points investigated. 

6. Sigalphns curculionis Fitch has not been recorded since the first 
specimen was bred at Calvert, Tex. 

7. Urosigalphus avthonmni Cwfd." One female was bred from a 
cocoon in a weevil cell from material collected September 5 at Browns- 
ville, Tex. As the former record was also from Brownsville, this species 
may be taken to be Mexican in origin. 

8. Urosigalphus schwarsi Cwfd." From 300 squares Mr. E. A- 
Schwarz and Mr. H. S. Barber bred 5 females and 1 male of this newly 
described species at Cacao, Finca Trece Aguas, Alta Vera Paz, Guate^ 
mala, during April, 1906, 

9. Bracon meUiior Say was bred from all points, except Overton and 
Marshall in northeastern Texas. The form known as Bracon xan- 
ihostigma has only been bred from the weevil between September 16 
and April 28 in the various years of this investigation. A specimen 
of this species is recorded on the Bureau of Entomology files (D, A. 
6424 (412)) as bred from the boll weevil at Coahuila, Mexico, Novem- 
ber 15, 1902, by Professor Herrera. Specimens were sent in by Pro- 
fessor Herrera from Allende, Coahuila, Mexico, during 1906, with the 
notes that they were quite common. 

10. Bracon dorsator Say was not bred until October in 1906. It is 
only known to occur between August 2 and December 17 in Texas. 
It is probably another instance of seasonal dimorphism and identical 
with Bracon meUitor. 

11. Braconid. One female of this species was bred September 1 
from a cocoon in material collected on the ground at Victoria, Tex. 
The specimen was lost in transit. i i ^ l^iOOQlC 

a Crawford. 1907a. 
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12. Myiophagia xnea Wied. Pupse of this species within the laiv 
val skin of the weevil were taken from material collected at Many, 
La. (3 specimens), and Waco, Tex. (I specimen); also one specimen 
in imperfect condition was found in a small boll collected at Victoria, 
Tex., July 12. Its puparium was within the skin of a weevil larva. 

13. Pediculoides veniricx>eu8 Newp. is a common weevil parasite in 
Mexico. 

14. Mites were frequently found to have destroyed the weevil 
st^es in fallen squares, especially at Calvert, Tex. 

Tyroglyphua breviceps Banks was described as a weevil enemy from 
Victoria, Tex. 




Fia. 6.— Occurrence of predomiDaot pttresltes ol the bolt weevil In T«iaa and weBtem Loulslaus 

> ahowfcg— 

II Omaireiwe of CaMacau intertiu. = Sraron miUUor. \% Cerambycabiut rpanittpi. mi Eary- 

tona tylodermaJia. IflMnUji of predominance of aiogle apcciea. lUmlte of two pTcdomfnuit 

■pedes. (Original.) 

15. Hydnocera puheseens Lee. was found frequently to have IdUed 
weevil stages. Records of this predatory habit are from Browns- 
ville and Waco, Tex., and Many, La. In a great many other cases 
evidence of its predatory nature was less rehable. 

16. Caihartm cassix Reiche was found several times to be preda- 
ceous in it? larval st^e upon the weevil. 

CatoUuxtts anihonomi Ashm., determined by J. C Crawford. Four 
specimens practically identical in character with the type of this 
species were bred from cotton squares collected October 12, 1906, at 
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Waco, Tex. Although a lai^ quantity of these squares were exam- 
ined, no specimens of this species were obtaioed except from the 
general breeding cage. The species is known as a parasite of an 
lestivating weevil {ATiihonomus siffTiatus Say), and it is possible that 
in the fall the parasites may attack AntJiorwmus grandia. 

GEOGRAPHICAL AND 8BASONAI. DISTRrBOTION OF PARASITBS. 

Only four of these parasites are at present of any great importance. 
In arrat^;iiig the percentages of each species with regard to the total 
number of parasites the following table (Table XIX) has brought 
out sufficient data for the production of a map (fig. 6) which shows 
the area over which any two of them are predominant. Thus, over 
the entire western half of the area studied Bracon meUitor and Cato- 
laceus incertus are the most active, while in the Northeast and East 
Ceramhycohius cyaniceps shares the importance with the other three 
in more or less limited belts: 

Table XIX. — The leagimal distrilnUion of the paratitet. 
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Tablb XIX. ^TA* teiuonal datrHmlion of the paratita — Continued. 
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These figures show very plainly the range of each species and 
have therefore been used to form a map of the two predominant 
species throughout the State. The centers of the areas predominated 
by Catolaccus are Brownsville, Tex., and Orange, La. The influence 
of Bracon radiates from Goliad and Corsicana, Tex. The center of 
predominance for Cerambycobius ia Marshall, J'ex. Eurytoma 
becomes an active agency at Dallas and Overton, Tex. 

BIOLOGICAL NOTES ON THE PARASITES. 

1. Micm)dojitomeru8 arUhoTKymi Cwfd. The TorymidBB have always 
been considered by Dr. WilUam H. Ashmead as parasitic on Diptera. 
In addition to the records of parasitism upon the boll weevil, which are 
given on a preceding p^e, one other specimen was bred September 
13, 1905, at Mexda, Tex., by F, C, Pratt from Brachytaraus aUematus 
Say, breeding in the stems of Siderantkus rvhigiTiosits. The species 
is not at all abundant, and has only been collected in cotton forms 
between August 28 and September 3. It is perhaps a one-genera- 
tion species, although it may have some other and still unknown 
host. There is but one individual to each host, and the host may 
be in the larval or pupal state when attacked. The sexes occurred 
in the proportion of 2 males and 1 1 females. 

In order to ascertain the length of the developmental periods, the 
following scheme had to be used : The maximum period from col- 
lection to maturity is the nearest approach possible to the total 
developmental period, and next to this is the total period in a Bracon 
cocoon in case of hyperparasitism. The maximum period from the 
observation of the larva to maturity is the nearest approach possible 
i.,|., II, L.OO^IC 
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to the total period passed as larva and pupa. The exact length of 
the pupal period may be defined as between the maximum period 
from observation of the pupa to maturity and the minimum period 
from observation of the larva to maturity. Thus it will appear 
from the following that the total developmental period is over 
twenty-three days, and the pupal stage lasts from six to nine daya 
diiring August and September. 

Tablb XX. — Length of develoymadal periods in MicrodorUtrmerua antJumomi. 
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It was impossible with a lens to find ariy characters to distinguish 
the larvte of this species from any of the other chalcidoids, as all of 
the chalcidoid larvte concerned in this report are finely, transversely 
lineolate and clad with a few hairs regularly placed in a line around 
the middle of each segment. The pupa is nearest in appearance to 
that of Cerambycobius. The female pupa is robust, brown until 
almost mature, with no darker spots on the dorsal abdominal seg- 
ments, but with three longitudinal white lines and a transverse 
white line on each segment; the ovipositor is appressed to the dorsum 
and proportionately longer than in Cerambycobius. The exuvium 
is easily recognized by the form of the ovipositor and its brown color. 
(See figure of pupa and of chalcidoid larva, PI. I, figs. 4, 7.) 

A most interesting point in the biology of this parasite is the 
fact that a, number of individuals were bred from Bracon ' cocoons. 
This is one of those phenomena which are here designated as accidental 
secondary parasitism — that is, where a natural primary parasite finds 
its host consumed by another parasite and in order to retain its hold 
on life is compelled to attack that parasite itself. 

10292— Bui. 73-08 3 
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The breeding records of the parasite are as follows: 

Table XXI. —Breeding retordi of Microdontomerut anthoTuma. 
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Thirteen parasites were bred, of which 23 per cent were secondary. 
Owing to numerous expresaons of increduUty concerning this dual 
parasitism it may be proper to state the proofs. In the first place, 
primary parasitism has been thoroughly established in the case of 
this species and also in the case of Eurytoma tylodermaiis and Oeram- 
hyaMus eyaniceps., Adults have been bred from larvse which were 
actually observed to be feeding upon the weevil larvte. The devel- 
opmental period of those adults bred precludes any arguments that 
they were bred from unobserved e^s of parasites on the larvse. In 
the second place, the Bracon and chalcidoid larvse are very easily 
distinguished, so that the notes in most cases stated whether the 
larva observed was a Bracon or a chalcidoid. In no case was one of 
the latter bred from a Bracon except when the Bracon cocoon was 
already formed at the time of the observation. Finally, secondary 
parasitism was proved because the parasites were actually bred from 
isolated Bracon cocoons, which were subsequently opened and from 
which the known exuvia of the secondary parasites were removed, 

2. Eurytoma tylodermaiis Ashm. This species was bred by Town- 
send in 1896 and by Mally during several years from the boll weevil. 
Ashmead described it as a parasite of Tyloderma foveoJatum Say 
(Ashmead, 1896), a weevil breeding in the stems of Omagra biennis 
and also in a species of Epilobium, It was reared by F. H. Chitten- 
den from the larva of Tyloderma foveolaium, Say in stems of Onagra 
hiennis, September 23, from material collected at Rosslyn, Va. 

This species was bred by the writer from AniTionomus disjunctus 
Lee. breeding in the heads of Heterotheca subaxUlaris at Jacksonville, 
Tex., October 13, 1905 (1 male); from Anthonomus sguar/MSUS Lee, 
breeding in the heads of Grindelia squarrosa nuda at Clarendon, Tex,, 
September 22, 1905 (6 females), and September 26, 1905 (2 males); 
from Orihoris crotchii Lee. breeding in the seed pods of Mentselia nuda 
at Clarendon, Tex., October 2, 1905 (1 male); and from Lixnis mus- 
culus Say, which forms galls in the stems of Polygonum pennsylvani- 
eum, at Clarendon, Tex., October 2, 1905 (2 females), and October 17, 
1905 (1 male). Mr. W. W. Yothers bred this Eurytoma from Imcus 
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acrobicdUia, which breeds in great abundance in the stems of the com- 
moii road weeds Ambrosia irifida and A. "psilostachya, at Victoria,Tex., 
April 5, 1905 (1 female). In a personal letter dated August 30, 1906, 
Dr. Wm. H. Ashmead writes of this species: " Eurytoma tylodermatis 
Ashnt. is another similar case [referring to his remarks on Ceramby- 
cobiua, given lat«r]. I have had several species of Eurjrtoma bred 
by Hopkins, Marlatt, etc., from beetles, and I can only quote their 
records. The genus seems to be primary and secondary as well as 
pliytophagous, unless we can find characters to still further subdivide 
it generically." 

This parasite is quite abundant throughout the season and is a con- 
tinuous breeder. The number of generations is probably little less 
than that of the weevil. There is but one individual to each host, and 
the latter may be in the larval or pupal state when attacked. The 
sexes are in the proportion of 29.1 per cent male and 70.9 per cent 
female. The females are very much larger than the males. 

Proceeding in the same manner as for the preceding species it is 
ascertained that the total developmental period is over 12 to 15 days, 
that the larval plus pupal period is over 11 to 14 days, and that the 
pupal period alone is at the minimum 6 days and maximum 13 days. 
Judging from this last period, for which the figures are definite, it 
may be safely said that the estimates for the larval and egg periods 
are very low. The increase in the length of the pupal period in ■ 
October is noticeable. 

llie data upon the biology of Eurytoma tylodermatia are compara- 
tively continuous from July 18 to October 19. In studying the length 
of the various stages the same methods were used as outhned for 
Microdontomerus. The only stage which could be definitely limited 
as to the period of development was the pupal stage, which was found 
to last from 7 to 8 days in the latter half of July, 6 to 9 days during 
August, 7 to 9 days in September, and 11 to 13 days in October. 

The larvte of Eurytoma were described in the notes as smooth, 
transversely Uneolate, and with wrinklings at the sutures. The 
pupie are white, piiik-«yed, turning black toward maturity. They 
may be easily distinguished, by the lateral compression of the abdo- 
men and the straight venter, from the pupte of Catolaccus with their 
dorao- ventral compression and obtusely angulated venter. The 
exuvium is cast in parts and is never found intact as in the case of the 
other chalcidoids studied; the remains are yellowish transparent. 
(See figure of pupa, PI. I, %. 1.) 

Secondary parasitism: One male was bred from material collected 
August 9 at Trinity, Tex., and two males from material collected 
September 19 at Waco, Tex,, as secondary parasites in the cocoons 
of Bracon TneUUor.. In each case the cocoon was isolated when first 
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found, SO that no doubt could be expressed as to the source of the 
parasites. Corroboration was obtained by examining the cocoons. 

3. Bruchophagus herrermAsbm. Considerable doubt has been raised 
by very eminent parasitologists as to the actual parasitism of the 
boll weevil by this species and some doubt has been raised concerning 
its generic location. No subsequent corroboration has been obtained 
to prove parasitism of the boll weevil. 

4. Ceramhycobius cyaniceps Ashm. The fu^t published record of the 
parasitism of the boll weevil by this species is found in Mally's Report 
(Mally, 1902), in which that writer stat«s that he had bred it since 
1899 at Austin, Tex. Only four records were obtained in previous 
years by the boll-weevil laboratory of the Bureau of Entomology; 1 
female bred July 7 at Calvert, Tex., by G. H. Harris; 1 male and 1 
female bred July 25 at Victoria, Tex., by W. E. Hinds, and 1 female 
bred March 11 at Corsicana, Tex., by C. M. Walker. 

Dr. F. H. Chittenden has reared it from the larva of Tyloderma 
foveolatum breeding in the stems of Onagra biennis, September 11, 
from material collected at Chevy Chase, Md. He has also reared it 
from BruchuB exiguus Horn (Chittenden, 1893b). In a personal letter 
dated August 30, 1906, Dr. Wm. H. Ashmead said of this species: 
"It is not rare, has been bred from cerambycids and other beetles, 
and I have always supposed it to be a primary parasite. All of these 
beetles, however, have braconid parasites, and it may yet prove to 
be a secondary parasite as other of the eupelmines are said to be." 

One female was bred by the writer October 17, 1905, as a probable 
parasite of Lixus musculus Say, breeding in stem galls of Polygonum 
pennsylvanicum collected September 19 at Clarendon, Tex. On Octo- 
ber 26, 1906, a female was bred from a lAxus musculus pupa collected 
in the same plant at Dallas, Tex., opposite the farm on which release 
experiments were conducted. On September 11 and 12, 1906, 2 
females were bred from AnHumoTnus albopilosus breeding in seed of 
Oroton engelmanni collected August 26, 1906, at Johnsons Bayou, 
La., by J. D. Mitchell. On October 30, 1906, 1 female was bred from 
Trichobaris texana found breeding in stalks of Solanum rostratum 
by R. A. Cushman and the writer, along the road close to the plat 
upon which parasites were released at Dallas. 

This parasite is very abundant in eastern Texas, diminiahing to 
the Southeast, and is entirely absent at Brownsville and through 
western Texas. It is a continuous breeder, attacking the weevil 
larvBB and pupse, one individual for each host. The sexes are in the 
proportion 19.7 per cent males and 80.3 per cent females. The 
females are several times longer than the males. 

The developmental periods for Ceranihycobius cyaniceps hare been 
worked out from data covering the period between July 12 and Octo- 
ber 4. The pupal period in July is 10 days or less, in August is from 
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8 to 11 days, and in September from 9 to 12 days. During August it 
'Was ascertained that the entire developmental period exceeds 26 days. 

The larviB of Cerambycobius are described in the breeding notes 
as white, transversely lineolate, with a row of prominent hairs around 
the middle of each s^ment. The pupte are elongate brown, with a 
sbiort, obtuse, erect ovipositor, and with the dorsum of the abdomen 
marked with two dark spots on each segment. The brown exuvium 
is easily recognized from the ovipositor. The pupse may be easily 
distinguished from those of Microdontomerus aifter a little practice. 
(See figure of pupa, PI. I, %. 3.) 

Secondary parasitism: On September 14 a female Cerambyco- 
bius was bred from a larva which was found feeding on a Catolaccus 
pupa in material collected August 28 at Calvert. AJthough numer- 
ous cases of parasitism of Bracon jneUitor were found, only 11.5 per 
cent of this species were secondary parasites. It was found as a 
secondary parasite on Bracon as follows: 

Beeville, Tex., July 12, 1 female. 
Corpus CbriBti, Tex,, July 10, 1 female. 
Cuero, Tex., August 31, 1 female. 
Mansfield, La., August 24, 2 femalea. 
Trinity, Tex., August 9, 1 male, 1 female. 
Victoria, Tex., September 1, 1 female, 
Waco, Tex., August 28, 3 malee, 10 temalee. 
Waco, Tex., September 19, 1 male, 2 femalea. 

In one case the attack of the Bracon is known to have been prior to 
spinning. 

5. Catolaccus incertus Ashm. This species has been one of the most 
important species mentioned in the literature of the boll weevil. 
It was described as a primary parasite of AniJionomus signatus 
(Chittenden, 1893a). It was reared by F. H. Chittenden from Apion 
decoloratum Sm. breeding in Meibomia paniculaia at Washington, 
D. C, from Apion griaeum Sm. breeding in Phaseolua perennis at 
Washington, D, C, and from Brachus exiguua (Chittenden, 1893b). 

Two females were bred by the writer October 16, 1905, from AnSio- 
Twmus disjunctus breeding in the heads of Heterotheca subaxUlaris 
collected at Jacksonville, Tex. From AnthonomiLS eugenii breeding 
in peppers at San Antonio, Tex., F, C. Pratt bred 3 females on 
October 18, 1905. From Anihoriomus (dhopHoaus breeding in the 
seed of Croton engelTnanni at Johnsons Bayou, La., the writer bred 
2 females on September 6, 1906, and from the same weevil breeding 
in Croton capitatus at Leesville, La., the writer bred 1 female on Sep- 
tember 29, and subsequently 3 females and 3 males. 

Catolaccus in/;ertus is very common in all parts of the State and is 
well established as a boll weevil parasite. (See Plate III, E.) It is 
a continuous breeder, attacking the weevil larvte and Pupse, one 
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individual for each host. The deTelopmental period seems to be 
considerably shorter than in either of the species preceding. The 
data upon which the following figures are based cover the period 
from June 25 to October 28, During June and July the total develop- 
mental period is known to be over 11 or 12 days, during August it is 
■ over 14 days, and during September and October over 18 days. 
The pupal period in June and July is only 4 to 6 days, in August 6 
to 7 days, in September 5 to 9 days, but in October 13 to 15 days. 

The larvse of Catolaccus were described in the notes as having 
short hairs in a row on each s^ment. The pupBB are white to yellow, 
the thorax turning black first as they approach maturity. The 
abdomen is very flat below and bent at an obtuse angle to the thorax. 
The head is very broad, and the eyes are pink. The exuvium is 
yellowish and resembles a Uttle pointed cap. (See figure of pupa, 
PI. I, fig. 2.) 

6. Sigalphus curculionis Fitch. No corroboration has been recorded 
of the parasitism of the boll weevil by this species. This parasite 
is very commonly bred from the plum curculio (Conotrachelus nenu- 
phar Hbst.). Chittenden also records it as a primary parasite of 
Trichobaris trinotata Say, which breeds in the stems of Solanum 
rostratum (Chittenden, 1902). 

7. JJrosigdlplius anthonomi Cwfd. This parasite was again bred 
September 20 from material collected September 5 at Brownsville. 
The period in the cocoon was at least 9 days. The cocoon with 
weevil larva's head attached was half in a cotton seed in a boll. It 
was very much finer meshed than that of Bracon meMtor and easily 
broken. In addition to this species and (8) Vrosigalphus schwarzi 
Cwfd., both bred from Anthonomtis grandis, Vrosigalphua arwatus . 
Ashm. has been bred fromBalaninus, and another species { Urosigalphus 
bruchi Cwfd.) from Bruchus prosopis Lee. taken at Harlingen, Tex., 
in beans of Prosopis glaiidvlosa. Hence it is very probable that the 
species of this genus are normally weevil parasites. 

9, 10. Bracon mellitor Say. Bracon dorsator Say. Bracon xantho- 
stigma Cress. 

These are all forms of a single very variable species, of which the 
entirely red form holds the name B. meUitcrr, that with black sternum 
and metathorax the name B. xanthostigma, and that with the thorax 
almost entirely black and the vertex of the head also black, being 
also smaller in size, has been known as B. dorsator. 

A pecuhar record is furnished by F. H. Chittenden who reared this 
species from the strawberry leaf-roller Ancylis {Pkoxopteris) comp- 
tana Fr6l., from material collected at Cabin John, Md,, July 9, 1899. 

In a personal letter dated August 30, 1906, Dr. Wm. H. Ash- 
mead writes: "Bracon meUitor Say is undoubtedly a most important 
parasite, widely distributed in the United States, ^nd must affect 
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v^ery many different beetles, although usually rhynchophoroua 
■beetles." 

The typical form haa been bred from AntJionomus grandis at all 
times and in all places between Jime 15 and October 4. The form 
acartthostigma has only been bred from the boll weevil between Sep- 
tember 16 and April 28, while dorsator was bred August 2, 1903, at 
Victoria; November 20, 1895, at GoUad, and December 17, 1895, at 
Beeville. B. meUitor was bred June 19, 1905, at Dallas by W. W. 
Mothers from Anthonomus fulvas Lee, which breeds in the buds of 
CaUirrhoe involucrata, and on June 14 he bred doraatOT from the same 
■weevil. On September 20, 1905, F. C. Pratt bred male and female 
dorsator and female TneUitor from Deamoris scapaUs Lee, breeding in 
the flower heads of Siderantkus mingiTtosua at Mexia, Tex. ; on Sep- 
tember 23 he bred the typical form from the same weevil collected 
at Calvert, Tex.; on September 29 both the typical form and doraator 
from Mexia material; and on October 27 he again bred the typical 
form from Mexia material. On September 30, 1905, the writer bred 
metlitor and xanthoatigma from Avihonomua squamoaua Lee, breeding 
in the heads of Griiidelia aquarroaa nvda at Clarendon, Tex.; on 
October 2, 4 of the typical form and 1 xavihostigma were bred; on 
October 3, 3 typical, and finally on October 16 a xanihoatiffma, were 
bred. On October 18 and 23 doraator was bred by F. C. Pratt from 
ATiihonomus eugenii Cano, breeding in papers at San Antonio, Tex. 
On September 6, 1906, J. D. Mitchell bred a typical form from Aviho- 
nomua albopiloaite Dietz, breeding in seed of Croton capitatua at 
Victoria, Tex. 

The data upon the life-cycle of Bracon mellitor cover the period 
from June 25 to November 15. The entire developmental period 
covers at least 21 days in June and 33 in October, but probably con- 
siderably more. The period within the cocoon has been hmited to 
between 5 and 6 days in June, to 7 days in July, 6 to 11 days in 
August, 3 to 7 days in September, and 15 to 27 days in October. 
The minimum of 3 days in September is based upon an observa- 
tion of the spuming of the cocoon and the time of maturity, and the 
record of 5 days in June was obtained in the same manner. 

The larvse of Bracon can be immediately separated by the absence 
of hairs and by the body being punctate instead of lineolate. The 
pupie are yellowish, loosely constructed, with the appendages very 
fragile and inclosed in a stout one-meshed silken cocoon, which varies 
from pure white to golden yellow or dark brown. In several cases 
where particular note was made of the brown color of the ' cocoon 
hyperparasites were bred, but this was not a constant indication. 
The species varied greatly in size, depending upon the amount of 
food available. (See figures of larva and pupa, PI. I, figa. 5, 6-) 
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No dark forms of this species were bred until September 10, 1906, 
except a single B. dorsator which was bred from Cuero material col- 
lected August 31. The rest were all bred from materia collected 
at Brownsville, September 29;- Dallas, October 2, 6, 10; and Waco, 
October 12. The record of all Bracou bred after October 10 ia as 
follows : 

October 10, Braeon mdlitor, 3 malee, 5 females. 

11, Do. 1 male. 

12, Do. ] male 

13, Do. 1 female, -mellitor xanthostigma, 2 females. 
15, Do. I female 

18, BTocon mellitor xanOMtttgrna, 3 femalea. 
20, Do 2 females. 

22, Braeon mellilor, 3 females; mtlhtor xarUhoiligmo. 2 females; mel- 
litor doT/ator, 2 males, 1 female. 

24, Braeon m. xaniho^ligma, 1 female. 

25, Do. 2 females; m. donator. 1 female. 
31, Do. 2 females. 

November I, Do. 3 females; m. donator, 1 male. 

5, Do. 1 female. 

6, BToeon inellitor dorgator, 1 female. 

14, BrtKon mellitor xanthoitigma, 1 female. 

11. An undetermined braconid of the size of Braeon visiter, but 
with the base of the abdomen black and belonging to a different sub- 
family, was bred September 17 from a yellow cocoon in a fallen 
square collected at Victoria, Tex., September 1. Unfortunately this 
waa lost in the mails. 

12. Myiophasia xnea Wied. This species is recorded as a parasite 
of Bataninus Ttasieas Say, Chalcodermus sp., Conotraehdus juglandis 
Lee, and Sfkenofhorus parvulus Gyll. (Coquillett, 1897), and also of 
Ampeloglypter sesostris Lee. (Aldrich, 1905). One specimen was bred 
July 6 by the writer from a larva of Conotrachelus qfiinis Boh. found 
in a hickory nut collected June 8 at Logansport, La. As parasites 
of the boll weevil from fallen squares collected at Many, La., August 
23, 1 male was bred September 5 and 1 female September 8, while 
1 failed to mature. From a hanging square collected at Waco, 
Tex., August 29, a pupanum was obtained but the fly not bred. 
From a small boll collected at Victoria, Tex., July 12, a deformed 
fly was bfed. 

Parasitism by this species can always be positively proved if the 
puparium is found, as it is inside of the stretched skin of the weevil 
larva. The affected larva is of a tawny parchment color and shows 
the projections of the appendages of the fly puparium. 

The developmental period is undoubtedly in excess of 28 days, as 
shown by the first record above. 

13. Several attempts have been made to introduce Pedictdoidea 
ventricosus Newp. into Texas as a parasite of the boll, weevil, but 
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with no success. Much has been written upon this mite by Professor 
Heirera and his staff. 

14. There are, however, native mites, including TyroglypTius 
hremceps Banks (Banks, 1906, p. 17), which in some cases are a con- 
siderable factor in the destruction of the immature weevils. At 
Calvert, Tex., in moist fallen squares collected September 13, 11 out 
of 18 cases of parasitism were mites. T. breviceps was described from 
Victoria. 

15. Hydnocera pubescena Lee. This clerid was foxmd to be pre- 
daceous in its larval stage upon the boll weevil and all of its parasites. 
The egg is probably inserted into the cell of the weevil, and the 
young predator immediately starts its attack, consuming whatever 
it finds in the way of insects, and finally spins a loosely meshed, 
single-layer, silken cocoon, and pupates therein. From data of mate- 
rial collected at Waco, Tex., August 28, an approximation of the 
developmental periods was obtained. The longest period from col- 
lection to spinning was 34 days, the period in the cocoon was 12 
days, the adult being formed 3 days before leaving the cocoon. In 
order to prove the predaceous habit live weevil pupse were fur- 
nished individual clerid larvte, and in most cases were completely 
consmned. In several cases' large larvae were found in Bracon 
cocoons which were punctured with holes lai^ enough only for the 
very smallest of the larvse. 

16. In a number of cases, material collected at Victoria, Dallas, 
and Brownsville gave evidence of a predaceous attack upon weevil 
stages by Gathartua casdie Reiche. 

rv. The Sources of the Parasffes. 

In the preceding sections it has been pointed out that the para- 
sites of AnthoTiomus grandis are also common to various other spe- 
cies of weevils. There is a more or less clearly defined theory in 
parasitot<^j^ that the parasites of a particular genus or tribe are con- 
fined to the insects of a particular family or order. With this idea 
in mind a list of the known parasites of the Rhynchophora has been 
compiled, in order to show the characteristic groups and the possible 
sources of boll-weevil parasites. 

PARASrTES KNOWN TO ATTACK RHYNCHOPHOEA. 

Aspergillus ap Antiionomvt grandu Boh.. 

Cordycepa sp Anthonotma grandWRdh. 

Empitsa (Enlomophthtyra) ephxToaperma. .Phytonamus punctatus Fab. 

Entomophthora phytoTwmi Phytonom/us punctatus Fab. 

SporotrUAum glolniliferum Epksenis imbrkatus Say. 
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PaiMit*. Host. 

TfU'sonemiils. 

Pediculoida ventricorut Newp Anihoiumvu^ eugtnii Cano. 

ATithonomui grtmdit Boh. 
TyroglyphidsE. 

Tyroglyplmibrervfpi Banka .: AnOwnomut yrondw Boh. 

{?) ; AnOumamui eugenii Ctmo. 

Diptera. 

Dexiidte. 

Mebidaia baialu G. T Conotraehehit juglemdii Lee. 

Tachinidse, 

Myiopharia seneaWied Ampelogljfpl^ tetottrit hoc. 

AnUtcnwmut grandU Boh. 
Balaninui naticui Say. 
Chalcodennus aSTieut Boh. 
Conotrackelut affinu Boh. 
Conotrachelut JTiglandit Lee. 
Sphenophonu panmlui Gyll, 

Myiophaiia Tobutta Coq Sphenophonu rotnulu* Kom. 

Hymenoptera. 

Proctotrypoidea . 

Platygaeteridie. Platygaeteriiue. 

TridtaeU rufipetXehta fSalanintit natitnis Say. 

Cbalctdoidea. 

TorymidEe. Monodontomerinie. 

Microdoniomerut anthvrwmi Cwfd ArUhonomut grandit Boh. 

Braehytarsui altenuUui Say. 
Eurytomidffi. Eurytomini. 

Eurj/toma magdalida Ashm Magdalis armxtollu Say. 

EuTyloma lylodermalis Ashm Aidhonomia dixjunftii* Lee. 

ATilhoYuymuv grandit Boh. 
AnthimOTRiit iquamctut Lee. 
Apiim tegnipetfi 
lAxut muieului Say. 
Xmw tcrobieollU Boh. 
Orthoru crotckU Lee. 
TylodoTnafoveoUdum Say. 

BTudiophagu» hfrrers Ashm .^nfftonomus grandii Boh. 

Clconymidse. Cleonyminse. 

Cheiropachyg colon L Magdalis mnescent Lee. 

Encyrtidffi. EupelminK. Eupel- 

Ceramfc^cofriiM q/onicepg Ashm ^n(Aonomu» grandit Boh. 

.i4nCAononiu8 albopiloxut Dietz. 
Bntckus exiguui Horn." 
Limt mutculvt Say. 
TTtchoharii texana Lee. 
rytodeTTna/oiieoIatum Say," 
Fteromalidffi. PteromalinK. Meta- 

Bnidiohiiit laticollis Ashm Bruchui pitoram L. 

Pteromalidfe. Pteromalinee. Rhaph- 



o On the authority of F. H. Chittenden. 
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Paiwite. HoM. 

Ch&lcidoidea — Continued . 

DiTtotutBp Magdalit mneicent Lee. 

Ptetomalidce Pteromalime. Pt«io- 



M aTUhonomi Aahm ATtlhonomu* tignatui Say. 

Catolaccia cteliodw Aahm AeraithotaUi aetpholua Say. 

Catoiacm* in«rt«« Aflhm ArtUiontymut seruolne Dieti. 

Ardhontmius eugenii Cano. 

ATtfAonomiu albopilosut Dietz. 

Anthonomu* dUjuTiclai Lee. 

Anthonomvt/ulmu Lee. 

Anihonomut grandit Boh. 

jlntAonomtM n^rintM Boh. 

ATithonomut ligiuiliu Say. 

.^pion deeoloratum Sm." 

Apion gritewn Sm.» 

AuleteM tenuipa Lee. 

firucAuj exiffuuf Honu^ 

Zygobarit xanthaa/li Pierce. 
Ntocatolacciu tylodernuc Aehm Lirui pareut Lee. 

JAxui muteulu* Say. 

TslodermafoveobUum Say. 
Pterbnmlidie. Spalangiime. 

Cerocephala pityophlhori AEhm Pityophlhonia connmUii Lec. 

Cerotxphala tcolytivora Asibai A acolytid. 

Eulophidie. Entedonime. Om- 

OmphaU livida Ashm Ceutorhynchui rapie Gyll. 

Eulopbidfe. Entedonime. Ente- 
donini. 

Afecodei albitarns Aahm MagdoHi mru»cena Lec. 

Entedon, lithocolUtidu Ashm Anthotwmui nigHniu Boh. 

Eulophidee. Tetrastichinte. Te- 
trastiehini. 

Tetratlidm* ap Orlhorit crotthii Lec. 

Mymaridffi. Mymarince. Ana- 
phini (egg parasites) , 

Anaphet conolracheli Girault Conolracheln* nenuphar Hbsl. ■ 

Ichneumonoidea . 

Icbneumonidse. Ophioninse. Pori- 

PorUim conotradteli Riley Conotraehtlui. nenuphar Herbet. 

Braconidffi. filacinee. Calyptini. 
Cal^ptut tibioior Creaa Anthontmoit tignalut Say. 

Braconidte. Sigalphime. 
Sigalpinu canadentu Piov Anthotu/mia icutellattit Gyll. 

fPodapion galticola Riley. >> 
CylindrocoplUTua longulu» Lee. 6 
ConoVrcuihelui potticatut Boh. 

oOn the authority of F. H. Chittenden. h Breed hither. 
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Parulte. Hoat. 

IdmeumoDoidea — Conti nu ed . 

Sigalphui eurctdionii Fitch Aiahonomui grandit Boh. 

Conolrachflvi juglatiSi'! in nuts. 
Conotracheltu Tienuphar Hbet. 
JVichobarii Irinotata Say, 

Sigalphu ep Cholcodermus seneut Boh, 

Sigalpltut xygobaridit Cwid ZygobarU xatUhoiyti Pierce. 

Vrogigalphug anthonomi Cwfd Anlhonomui grandis Boh. (Texa^. 

Vrosigalphui arnuilu» Ashm Sidaniniis spp., Conotrachelut spp. 

Urogigalphui bruchi Cwfd Snidai* protopU Lee. 

Uroeigalphui tchaani Cwfd -iiiiAonomua grandU Boh. (Guatemala). 

Braconidft. Cheloninee. 

Phanerotoma tibialis Hald Anthonomm ni^nvi Boh. 

Braconidx. Agathidinte. Micro- 

Marodut timillimvt Crese Lints sa-obicollis Boh. 

Braconidee. Braconinte. Braco- 

Glyptomorpha Im ABhm Lanu la-obkoUis Boh. 

GtyptvmorjAa Tnavaritus Cress . .lAxus UTobicolUs Boh. 

Glyptomorpha TXivitus Cress lArtts muKahtt Say. 

Olyptomorpha mgaior Say Liru* conaivus Say. 

Xinu mugcuZua Say. 

Fipio belfragei Cress Lixui tcrobicollU Boh. 

MeUmobracon simplex Cress Dendroctotms pitexperda Hopk. 

Microbracon nuperas Cress Orlhoris crotdiii Lec. 

Bracon aivilcidU Ashm Tylodermajragarix Riley. 

Braeon anlhommd Ashm Anthonomus signatus Say. 

Bracon meUitor Say .^ntAonomtt* eugemiCano. 

Anthonomus albopilosus Dietz. 

Anthorwmusftilims Lec. 

AfMonomtis qrandis Boh. 

jjnifloiwnnui jguamonw Lec. 

Desm,iiris scapalis Lec. 

Bracon jntaodis Ashm Pissodes strobi Peck, ' 

Broeon rftyssemoli Ashm. ms i!%ssemn(ii* KnariicoHw Say. 

Bi-ocOTi wnicTOi^yii Ashm. ms Smicnmyx lyck(n4es Lec. 

Brocoji sp Toniicus piTtt Say. 

Bracon sp Brachytarsut limbalTis Say. 

Bracon sp Baru sp. 

Braconidee. Rhogadime, Rhyssa- 

Rhyssalus pityophthim Ashm PiCgopbtharus sp. 

Braconidx. Spathiinie. Spathiini. 
Spatfmis canadensis Ashm DryotaUs autograpkus Ratz. 

(?) Magdalis olyra. 

Phlteosimts granigtr Chap. 

Tomicug ep. 

BIOLOGIES OF THE WEEVILS CONTRIBUTING PABASITES. 

It is of considerable importance in framing means of combating 
the boll weevil with parasites that the weevils usually found in the 
vicinity of cotton fields should be thoroughly known. In order that 
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the conclusions in this regard may be more thoroughly understood, 
this subject must be introduced by a series of brief biologies of aU^' 
the weevil species which have contributed parasites to the attack of 
the boll weevil. 



1. Apion decoloratum Sm. breeds in Meibomia paniculata. It is 
parasitized at Washington, D. C, by Catolaccus iTicertus. 

2, Apion griaeum Sm. breeds in Phaseolus perennis, and is para- 
sitized by the same species as the preceding. 



CUBCULIONIN^. CLBOKIHI. 



3. lAxus muaculus Say makes a gall in the stems of Polygonum 
pennaylvaniatm. The larvse and pupse are found in these galls. The 
weevil and its host plant are typical of the fall, the plant being 
foimd in low moist ground, frequently in close proximity to cotton 
fields. The weevil is attacked by two of the important boll-weevil 
paxasites. 

4. lAxus acrobicoUii Say dwells in the stems of Ajitbrosia trifida 
and psUostackya, two of the commonest roadside and waste-place 
weeds throughout the country in summer and fall. The entire stem 
is riddled by the weevil larvse, which pupate in cells of frass at the 
end of their burrows. Eurytoma tylodermatis and other parasites not 
concerned in the discussion have been bred from this weevil. 



5. Desmoria scapalis Lee. breeds in the seed heads of SideraTithtts 
rubiginostis, a summer weed, which is very abundant in some locaUties 
along roadsides and on prairies. The larvee are expelled with the 
seed and enter the ground for pupation, maturing in the following 
springt This species is parasitized by Bracon meRitor, which has a 
much more rapid development than its host. (See PI. Ill, B, D, F, 6.) 



6. Anihonomus (Anthonomorphus) fulvus Lee. breeds in the buds 
of OaUirrhoe involucrata, an early spring mallow, which is common 
in May and June on moist meadows. The larvse feed upon the floral 
column of the bud or the imperfectly opened flower and pupate in a 
cell of excreta in the capsule or fallen corolla, Bracon meUitor and 
Oatolaccus incertu^ have been bred from it. (See PI. II,) 

7, ATiihonwnus sigjuttits Say, the strawberry weevil, breeds in- a 
number of rosaceous plants, such as strawberry, blackberry, raspberry, 
and wild rose, as also in red-bud. It is an early spring weevil, ovi- 
positing in the buds, which soon drop to the ground, where the larva 
transforms to the pupa stage. It is parasitized by Oatolaceus iricertus. 
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8. Anihonomus nigrinus Say is an eastern weevil which breeds in 
the buds of Solanum caroliTienae and rarious other solanaceous plants, 
occuixiiig principally in the spring and early summer, but not con- 
fined to one generation. It oviposits in the buds, causing them to 

' fall. The larva makes its cell in the center of the bud through the 
pistil and all of the stamens and pupates in this cell. It is a host of 
Catolaccue incertus. 

9. Andtonomus albopilosits Dietz is a fall species which breeds in 
the seed of Oroton capitatus and O. engelmanni, weeds which are very- 
abundant in pastures. The larvae est out one seed and then enter a 
second and form their pupal cell in this. The weevil serves as a host 
to Ceramhycobius qfaniceps, Catolaccus incertus, and Braeon jneUUor, 

10. AnOioTtomus leneolus Dietz is a spring species which breeds in 
the buds of Solanum torreyi, S. rostratum, and S. eleagnifolium. The 
larvfe feed within one or two anthers, in the latter case forming a cell 
which cements the two together. In many cases the flower does not 
fait, and is able to fruit. The weevil is a host of Oatolaccas ijiceifus. 

11. Anihonotmis ettgenii Cano (aaneotijictus Champ.), the pepper 
weevil, is a recent introduction from Mexico. It is a fall species, 
which breeds in the interior of the cultivated peppers. (See Plate III; 
A, C) It ia a host to Catolaeais incertus, Braeon meUiior, and Pedi- 
cvioides mrUricoaus, as determined by Professor Herrera. ArUhcmomus 
mexicanus Boh., another pepper weevil, is very likely identical. 

12. Anihonomus squamosus Lee, breeds in the heads of Grindelia 
squarrosa, a fafl plains plant, which is very abundant in seraiarid 
Texas. The weevil larva makes a cell among the seed, which is 
formed of the hardened gum of the flower and excreta. It has 
probably only one generation. It is very highly parasitized and 
principally by Braeon mdlitor and Eurytoma tylodermaiis. 

13. ATUhonomua disjmictus Lee. breeds in the heads of Heterotheea 
suiaxHUaris, a fall plant, which is very abundant along roads, waste 
places, and on meadows. The weevil larva makes a small ceU, formed 
of the hardened gum and excreta of the weevil, among the seed. 
There ia but one generation, Eurytoma tylodermaiis and Catolaccus 
incertus have both been bred from this weevil. 



14. Conotrachdus affinis Boh,, the hickory nut weevil, has been 
found to be the host of Myiophasia aenea. It is an early summer 
weevil. Pupation is in the ground. 

15. Oonotrackdus nenuphar Herbst, the plum and peach curculio, 
breeds in the fleshy part of the fruit and pupates in the ground. It 
is the host of Sigalflius curculionia, which has once been bred from 
AiUfioTumius grandis. 




F\g. A.— The bud!- Hnd floBcrs, «hicll an- fubicct !•• attack by Anlttmomui fiUful. alifl 
the ospsnie, "iibject to nttacli o( Sfarrorlio)dm nrfrtofin. Fie. B.— Binl infestort bv 
AnOionomut fuiiuii. Fig. C— Flower Injurcil by Hdult wuctII ot AnOionomaf Jalt<ut. 
(Original.) 
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Biologies of Weevils. 

\g. A.— Pepper, fhnwliig egg pimcturon iil AttOmrnHniw tngmli. Fiir. B.— Head nf Siileranlhaa ,--^ 
r«6*3fno8U8. showing pell ti( JVjibotw «mf.n(ig. FIk- T-— I^I'P". "Imwl'iR litrvaof Jniftimo- r^„i i7\ 
MiiK ^nfi™/nn silii. Fi«, D.—llviidi>l Sidemiitlim ruMalHa-Hii. vnUhhiTyant tkumorini-apalie / O " \ 
ill lla c'ell. FiE. B.— Sei'lion of ™tton sqllarp, sliowliig tiupa i>f Avl/iammas in'imdhiiBil iiipa I OF 1 
«l prlmnrj- parasite Cfilolnei-i" Inrerlm. Fix F.— Earilien celluf hirva ot IMvnoria ica/inlit.K^ -•' 
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16. Ohalcodermua xneus Boh. is the cowpea-pod weevil, although 
it has once been bred from a cotton square. It is recorded as a host 
of Myiophasia leTiea. 

17. Tyhderma foveolatum Say breeds in the stems of Oriagra 
biennis, an early summer evening primrose. Pupation takes place 
in the tai-vat burrow. It is parasitized by Eurytoma tyhdermaiis and 
OeramJyycobiua cyaniceps. 

CEUTOKHyNCntK I , 

18. Atdetes tenuipes Lee. This species was fotmd to breed in the 
buds of Oalpinsia haHwegi at Dallas in the sprii^. The larvte feed 
^thin a single anther in the bud, leaving it when the flower opens 
and entering the ground for pupation. The entire life cycle does not 
exceed 25 days, of which 11 days only is spent in the hud. CcUolaccus 
incertus has been bred as a parasite. 



19. Orikoris crotchii Lee. is a very abimdant fall weevil in western 
Texas, breeding in the seed pods of Mentzdia nuda, a plains plant. 
Pupation is in a cell formed within several seeds. The species is 
highly parasitized by several species, the least of which, however, is 
Eurytojna tylodermatis. 

20. Trichobaris texana Lee. is a stalk weevil, breeding in the steins 
of Solanum rostrdtum, a plant common in waste places in the summer 
and fall. The weevil cells are not more than an inch apart through- 
out the stem. Ceramh/cohius cyaniceps has been bred as a parasite. 

21. Trichobaris trinota^ Say, the potato stalk weevil, is another 
host of Sigalphita curculioma. 

22. Ampeloglypter sesostris Lee. is a grapevine weevil, and a host 
of Myiophaaia xnea. It is not recorded from Texas. 

23. Zygobans xanthoxyli Pierce. This new speciea breeds in the 
berries of Xanthoxylum at Runge and Beeville, Tex., in the spring. 
The larvie feed in the interior of the seed until the seed is thrown to 
the ground. They then enter the soil and pupate in a tiny earthen 
cell, being in the groimd about a month. Oitolaccus incertus has been 
bred as a parasite. 



24. Brachytarsvs aUematvs Say breeds in the stems of Sideranthus 
rubiginosus. It is a constant breeder, entirely riddling the stems. 
Miorodontomerus has been bred from it. 



Although not considered Rhynchophora by American writers, it is 
very probable that the Bruchidee are a connecting link between the 
Anthribidse and ChrysomelidEe, i i ii,LiOOqIc 
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25. Bruckus exiguua Horn breeds in the seed pods of Amorpha. 
fnUicosa in the fall. . It is a host of Cerambycohius cyaniceps and 
C'atolaccus incertus. 

It is noticeable from the foregoing that Bracon meUitor attaclcs 
bud, flower, pod, and seed weevils; C'atolaccus tTicerius attacks bud, 
pod, and seed weevils; CeTambycobius cyaniceps attacks bud, pod, 
and seed, but mainly stem weevils; Eurytoma tylodermaiis attacks bud, 
flower,pod, and stem weevils; Microdontomerusanthonomi a.tt&ckshud, 
capsule, and stem weevils; Myio'phasia senea attacks bud, fruit, pod, 
nut, and stem weevils, and SigalpJms curculionis attacks bud, fruit, 
pod, and stem weevils. Such general .habits indicate a generaliza- 
tion of habit in the species concerned and give promise of the 
possibihty of more extensive adaptation to the boD weevil as a boat. 

ROTATION OF HOSTS. 

The most important item in the solution of the parasite question 
is probably concerned with the treatment of the other hosts. It is 
found that the parasites which now attack the weevil are naturally 
parasitic on weevils of short season and few generations, and the 
most feasible proposition is that of forcing them to attack the boll 
weevil only. 

Two lines of action are suggested as possible and practicable. 
The first ia, that such plants as the Crotons, hosts of AnthoTiomus 
alhopilosus, might be planted in abundance in the pastures because 
they make good feed and are easily destroyed, and that thus the 
weevils and their parasites would increase in. great numbers and the 
latter might perhaps attack the boll weevil. 

The counter proposal is that the timely elimination of the summer 
series of host plants would cut off the possibihty of finding any host 
but the boll weevil, which would be in abundance. The cutting of 
the weeds around the fields could not result disadvantageously, as 
there are numerous pests harbored by these same weeds. At present 
the information as to the rotation of hosts is incomplete, and it is 
therefore necessary to go very fully into this question as well as to 
test both methods which have been su^;ested. 

The known hosts of Bracon ■meUHor would insure it an uninter- 
rupted rotation if they all occurred in a given locahty. They do not, 
so there are still other unfound hosts of this species. The season of 
its hosts as far as known are as follows: 

Anlhonomut fulvut breeds from May 3 to July 12. 

DetmorU scapalia breeds from July 25 to September 22. 

Anthojiomuji aguamogut breeds from August 11 to September 19. 

ArUbonamut atbopHotva breeds from August 26 to September 29. 

Anthcmomut eugenii breeds from October 6 to October 31. 
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Important gaps exist in the host rotation of CatoloAxus ineertas. 
Its hosts breed aa follows : 

An&ownnut ngnatut breeds from April 11 to Jime 12. 

AnOionomtLifulvut breeds from May 3 to July 12. 

Aulttet lenuipa breeds from May 9 to May 25. 

Zygobarit xanthoxyli breeds from May 11 to June 29, 

Anthcmomut serteoltu breeds from May 17 to July 12. 

AntJtonomus nignmit breeds from June 30 to July 18. 

Anthonmnut albopilonu breeds from At^ust 26 to September 29. 

Anthommiii* eugenii breeds from October 6 to October 31. 

Anllumomui disjuiMm wae found breeding October 11 to 14. 
The known habits of the hosts of CeramhycoHus eyaniceps are as 
follows : 

Tylodermafoveolatum breeds from June 22 to September 23. 

Tridiobaru teama breeds from June 26 to October 11. 

lAxut miueulm breeds from August II to September 19. 

Anthonomiu albopilomt breeds from August 26 to September 29. 
The following data comprise all that is known of the hosts of 
Eurytoma tyhdermaiia: 

TyUidmaafoveolatum breeds from June 22 to September 23. 

Lixug icrobkolli* breeds from July 12 to April 17 (following year). 

ATtlhtmoratie aquamotui breeds from August 11 to September 19. 

Orthorit erotdhii breeds from August 11 to September 19. 

Lvntt muieului breeds from August 11 to September 19. 

AnOumoinwt di»juncCu« was found breedii^ October 11 to 14. 
In the field at Dallas upon which release experiments were con- 
ducted, and in a series of five fields in various directions from Waco, 
it was found that the various species of parasites were exceedingly 
localized, indicating that the parasites were derived from the iimne- 
diate vicinity. 

On the Dallas field, by reference to the tables given in Section II, 
it will be noticed that Plat B with one small exception was the 
only plat in which Catolaccus was found; that Plat B was the only 
one from which Cerambycobius was bred; that Eurytoma was not 
found in Plat C, but was predominant on Plat E; and, finally, that 
Bracon was well distributed. 

At Waco on all five fields Brucon meUiim- was present in the pro- 
portion of 20 to 50 per cent. On the prairie land field, surrounded 
only by Ambrosia, Helianthus, and Xanthium, 41.6 per cent of the 
parasites were Eurytoma tylodermatis. On the other fields, which 
were on the bottoms, only one Eurytoma was taken to a field. Cato- 
laccus incertus was present on the prairie land field and one bottom 
land field. Cerambycobius was present in all the bottom lands and 
very numerous, 58.3 per cent, in a field which had considerable 
Sojanum roatratum about it; it was entirely absent on the prairie. 
The commonest plants on the bottoms were Heterotheca suhaxiSaTis, 
Croton spp., Solarium spp., and Xanthium. 

i.,i ■. ii,L.OOf^k^-/ 
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V. Conclusions and Prospects. 

In conclusion the writer would say that there are a number of very 
important points obtained which indicate a possible natural control 
of the boll weevil. The actual combinations of conditions which 
bring about the instances of high parasitism can not be xmderstood. 
It is very evident that the elements in the combination are relative 
moisture and light, plant response to weevil injiuy, abundance of 
other species of weevils in the immediate vicinity, and, finally, the 
ability for rapid adjustment to new host relations possessed by the 
local parasites. 

Very high parasitism has been found, and it may therefore be 
expected again, perhaps locally, perhaps regionally. It may not 
necessarily be expected two years in succession at the same place, 
for a change in cultivation, an eradication of certain surroimding 
plants, or various other conditions might destroy the advantages pre- 
viously gained. On the other hand, these dame agencies in another 
locality might attain the opposite result. 

Release of parasites in the open field on a small scale has been 
foimd to increase the rate of parasitizatiou. This will be tried on a 
more extensive and better planned outline another year. 

The abundance of hosts which have parasites in common with the 
weevil and the fact that parasitizatiou takes place in the first genera- 
tion give promise that the weevil's advance may be constantly dis- 
puted by the parasites. 
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parasite of ATtthoTiomut (Jujunchu 4S 

sgunnwitiH 46 

Apiomegnipes 42 
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Hibernation of boll weevil paramtes in bolls 12 
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Vipio belfragei 44 

in Ambroaia trifida 25,34 
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Ditiolvt sp 43 

armirollU, host of Eurytoma magdalidie 42 

olyra {?), hoat of Spalhtus canodensii 44 

Meibomia panieulata, food plant of Apian decoloratmn 37, 45 
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biolc^cal notes 32-41 

biologiea of weevile contributing them 44-48 

breeding recorda of X906 13-22 

breedinif work 11, 27-41 



from work of 1906 21-22 

elimination of natiural hoete [other weevils] 4-5 
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culties 22-24 

work of 1906, conclusions 11, 50 

Farasitiun and status of boll weevil 19-20 
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